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Foreword 
During the last decade, there has been an increasing recognition of the many diverse 
roles that forests and trees can play in helping to secure a sustainable rural develop-
ment. It is being realized that forestry should help to meet both basic needs of rural 
people and commercial needs of industry, to improve rural incomes and to combat en-
vironmental decline. But it was also recognized that the ability of forests and trees to 
provide multi-purpose products and services is threatened by the unprecedented rate 
of deforestation and forest degradation in large parts of the world. In many éountries, 
especially in the tropics, present efforts at forestation (in which we include afforesta-
tion, reforestation and tree planting) do not suffice to assist effectively in countering 
the many well known negative consequences of deforestation and unregulated land-
use. During the last decade, it has become increasingly clear that there is an urgent 
need to enhance the rate and success of forestation in many parts of the world. Also 
it was gradually recognized that such forestation efforts can take a wide variety of 
forms, as they may range from the establishment of large-scale concentrated stands 
to be managed by professional foresters to small-scale diversified tree-planting ac-
tivities of local farmers. 
On the occasion of the first centennial of public forestry education and research in 
the Netherlands at Hinkeloord, the Wageningen University's Departments of Forestry 
in September 1983 an International Symposium was organized to analyse, review and 
compare the various approaches to forestation. The purpose of this meeting was to 
stimulate the exchange of ideas and experiences about advantages and constraints of 
different forestation systems, so as to create a systematic 'growing nucleus' of informa-
tion and ideas on successful strategies and designs for the creation of new forests and 
tree resources. 
In planning the Symposium, special efforts were made to organize it in such a way, 
that a systematic overview and evaluation of forestation efforts on both strategic, tac-
tical and operational levels would be obtained. The themes of each of the five sessions 
and of each of the subjects to be treated in these sessions were selected on the basis 
of a conceptual framework, in which the various stages of formulation, planning and 
implementation of forestation programmes and projects were integrated. This frame-
work is described in the introductory paper to the meeting. The aim of structuring the 
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Symposium around such a framework was to highlight the interrelations between the 
various aspects of forestation, rather than to present only a mere listing of contribu-
tions and viewpoints, which, however interesting, remain essentially unconnected. In 
order to include both theoretical considerations and practical experiences, lectures 
were included that provided either a state-of-knowledge review, based on comparative 
studies of several forestation projects, or more detailed descriptions and case studies 
of specific forestation schemes. Additional information to these lectures were given 
in 65 poster presentations. 
The Symposium was attended by 270 persons from 50 countries including 30 
tropical countries. It was opened by Mr Pieter van Vollenhoven, husband to Her Royal 
Highness Princess Margriet of the Netherlands, who gave a stimulating lecture in-
troducing the theme of the Symposium. In addition two addresses of welcome were 
given by Ir P. van der Schans, Chairman of the Executive Board of the Agricultural 
University Wageningen, and by Mr R. Levingston, Forestry Department, FAO. Ir van 
der Schans recalled the history of forestry education at Wageningen and indicated the 
integration of education in forestry science with other agricultural disciplines within 
the one Faculty of Agricultural Science at Wageningen University. Mr Levingston 
placed the theme of the meeting in a historic perspective. He appreciated the timing 
of the meeting and emphasized the aptness of reviewing strategies for forest creation 
and tree planting at the present time. We express our sincere gratitude to these speakers 
at the inaugural session as well as to all other lecturers and presenters of posters. The 
high quality of all these contributions assured the success of the Symposium. 
A field demonstration on different forestation strategies and designs in two con-
trasting environmental conditions in the Netherlands was provided during the Sym-
posium. A one-day excursion was made to afforestation projects on newly reclaimed 
land in the Lake Yssel Polders and to former afforestation projects on wind-eroded 
sand areas at Kootwijk in the Veluwe District of Guelderland. During that day, an in-
troduction was also given to the activities of various Dutch forestry policy and 
management organizations. The cooperation of several Dutch forestry institutions in 
organizing this excursion day is gratefully acknowledged. 
In preparing the present proceedings of the Symposium, it was decided to include 
the full text only of the lectures presented. Both practical and financial reasons pro-
hibited the inclusion of the poster presentations or of a report on the excursion. The 
lectures are presented in the same sequence as during the Symposium. In editing the 
papers, special attention has been given to coherence between the papers, where possi-
ble, and elimination of repeated statements. Where relevant, data presented during the 
discussion on each paper have also been incorporated. 
The publication of these proceedings has three aims: 
- to provide decision makers, project people and others concerned with forestation 
with information on the planning and design of successful forestation programmes 
and projects. 
- to stimulate more vigorous action on forestation. 
- to stimulate further development of a general forestation theory that allows ra-
tional selection of appropriate forestation practices under different ecological and 
societal conditions. 
In these various ways, we hope that these proceedings will provide guidelines to sus-
tain and enlarge the area of forests and tree plantings for the benefit of mankind. 
The organization of the Symposium and the publication of these proceedings would 
not have got off the ground without the substantial support of governmental and in-
dustrial institutions in terms of finance and staff support. Our sincere thanks go to 
all the sponsors inside and outside the Netherlands, who are mentioned elsewhere in 
this volume. Special thanks are due to IBM Nederland whose generous grant provided 
the means to make the necessary scientific preparations for the Symposium. 
On behalf of the Forestry Departments in the 'Hinkeloord' building 
Professor A. van Maaren 
Professor M.M.G.R. Bol 
Professor R.A.A. Oldeman 
Opening address of the Symposium 
Mr Chairman, Ladies and Gentlemen, in 1969, Mr U Thant, Secretary-General of 
the United Nations, argued for a world-wide partnership to stop mutual enmity, to 
manage the population explosion, to improve the environment and to devote great ef-
fort to the development of welfare and well-being. Without this partnership, he 
predicted, the problems would reach such extreme dimensions within 10 years that they 
would no longer be manageable. 
Three years later, the Club of Rome published the MIT report 'Limits to Growth', 
which explained in comprehensible figures the dangers of exponential population 
growth and of pollution as well as the limits of non-renewable resources. 
Since then, reports on the so-called economic order and, more specifically, on the 
possibilities of expanding food production, trade and industrial development have 
become available. We all know where things stand now and how difficult it is to pro-
ceed along the sometimes conflicting lines of all these reports. Nevertheless, the warn-
ing of U Thant and the figures of the MIT report have not lost their vital importance. 
In my opinion, it is worthwhile to remember all this, especially at the moment of 
the opening of a symposium on aspects and problems of a resource of increasing im-
portance: the forest. 
Compared with other resources, the forest is a curious one. On the one hand, it is 
the source of raw materials. Though timber and its many derivatives seem to be the 
major forest output, other products like resin, oils, medicines, fruits and rattan, to 
mention just a few, are of major importance too. We must realize that these products 
depend highly on the existence of forests. 
Moreover the same forest plays an important and steadily increasing role in the pro-
tection of the environment, not only for landscape and amenities but also for clean 
drinking water, prevention against erosion and storage of carbonates. The conflict bet-
ween the forest functions mentioned is evident. Exploiting the forest for one function 
can damage other functions unless careful management is practised. The use of trees 
for construction, paper or energy can reach such proportions that forest cannot sur-
vive. Despite so many efforts to solve the problems of efficient use and conservation 
of the forest resource, the Club of Rome's prediction about forest, if not U Thant's, 
has already become reality long before the year 2000. 
Have we realized in time that millions of people depend on forest or on land covered 
by forest for their daily life, with no other option than to use the forest until the last 
tree? 
The result of this is not only a disastrous shrinkage of forest area in the less in-
dustrialized part of the world, but also environmental disaster, due to drought, soil 
infertility and erosion. All of these are threats to mankind, as catastrophic as war. 
Of course, the problem of the decline of forest quality and quantity is closely related 
to such vital issues as overpopulation, poverty and hunger. But it cannot be considered 
as an item only to be solved in developing countries. 
At present, for example, in the European Communities, nearly 50% of the need for 
timber and timber products is met by import. Timber is nearly second to oil in the im-
port bill of the Communities. By importing so much timber, we export problems to 
other parts on the world. 
For example, lacking 'home-grown' timber, one can think to rely on the 'unlimited' 
options for timber import from elsewhere. For centuries, it has been common for the 
Netherlands to import timber from Germany and the Nordic Countries. Despite lack 
of home-grown timber, Dutch timber-working was so famous in the beginning of the 
18th century that Tsar Peter the Great of Russia lived in the Netherlands for some time 
to learn the techniques of shipbuilding. The poles imported from the Bfack Forest 
(Germany) at that time were such a speciality that the Germans exploiting the forests 
called them 'Dutchmen' (Holländer). In this way, we Dutch used to contribute con-
siderably to the deforestation of the Black Forest. 
Furthermore, do those who strive for outdoor recreation facilities and nature con-
servation in forests realize that the cutting down of hundreds of hectares of forest 
stands for only one day's newspaper edition? 
What about the recent development in the deterioration of thousands of hectares 
in Central Europe, related in some way or other to air pollution? One can wonder to 
what extent European people are aware of the fact that this disaster is at least partly 
due to their way of life. 
If we want to survive, we should not only intensify our efforts, but also change the 
approach to problem solving. 
From this point of view, there are urgent reasons to devote a symposium to the 
world's forest resource, especially its enlargement and its wise use. A symposium that 
stresses the point that the forest is a resource for a multitude of functions directly 
related to life on earth should gain attention from a far wider group than just expert 
foresters or timber merchants. 
Let us be aware that it is not enough to sum up what is technically possible, the needs 
of human beings, the wonders of ecosystems, or even to deliver statements about what 
other people ought to do. It will be the merit of this symposium to draw the lines and 
to infiltrate the thinking of those who in one way or another are responsible. No time 
can be lost in clearly establishing the objectives and the way to attain them both 
technically and by policy. 
In due time, the available knowledge and experience ought to be disseminated 
among all people who in some way depend on forests and trees. In this context, I would 
mention the initiative of the Global Forest Fund to organize a world-wide effort to 
heighten awareness of the benefits of the forest for man and his environment. That 
Fund is supporting the organization of this symposium. 
I congratulate the Agricultural University of Wageningen and especially its Forestry 
Departments on their initiative to hold this symposium. I believe this symposium can 
be an essential support in turning the tide for the forest as a resource. 
With regard to the way out, let me quote the discussion between Alice and the Cat: 
(Alice in Wonderland) 
'Would you tell me, please, which way I ought to go from here?' 
'That depends a good deal on where you want to get to', said the Cat. 
'I don't much care where', said Alice. 
'Then it does not matter which way you go', said the Cat. 
'So long as I get somewhere', Alice added as an explanation. 
'Oh, you're sure to do that', said the Cat, 'if you only walk long enough'. 
It is not my intention to anticipate the results of this symposium! But as an outsider, 
let me remind you that the intention of this symposium is 'To highlight the way out'! 
I wish you all a successful and useful meeting. 
Mr Pieter van Vollenhoven 
Husband to her Royal Highness 
Princess Margriet of the Netherlands 
Introduction: Towards a global forestation strategy 
Departments of Forestry 'Hinkeloord', Wageningen Agricultural University, the 
Netherlands 
Summary 
During recent years, much concern has been voiced about deforestation in many, especially 
tropical, countries. The resultant situation of decreasing capacity of natural forests to provide 
essential products and services is further aggravated by a widespread occurrence of various 
forms of forest degradation, as well as by overexploitation of tree resources outside the forest. 
To counter this situation, we need much increased rates of forestation than in the/past. Such 
forestation includes afforestation, reforestation or tree planting outside the forests. A general 
forestation theory should be developed to stimulate successful creation of new forest and tree 
resources. A conceptual framework for such a theory is presented, in which three levels of plan-
ning and implementation are distinguished. At the first level, strategies need to be developed 
as a base for long-term effective problem-solving over larger areas. At the second level, the 
strategies have to be translated into more detailed designs for concrete cases, and at the third, 
operational, level, the plans will have to be elaborated in action-oriented terms. The Symposium 
has been organized in such frame and as an introduction to the lectures some major elements 
to be considered in developing strategies and designs are discussed. The objectives of forestation* 
are reviewed, some of its major constraints are mentioned, and diagnostic techniques for choos-
ing relevant strategies and designs are indicated. Finally it is stressed that all efforts to develop 
proper strategies and designs remain useless, as long as no action is taken at national and inter-
national level to provide the means to achieve the plans. Non-governmental organizations can 
also play a major role in stimulating forestation. 
Keywords: Forestry development, forest policy, forest management theory, deforestation, af-
forestation planning 
Résumé 
Introduction: Vers une stratégie mondiale de boisement 
Ces dernières années, une inquiétude croissante s'est manifestée à propos du boisement dans 
beaucoup de pays et surtout sous les Tropiques. La situation actuelle montre une capacité 
décroissante des forêts naturelle à procurer des produits et services essentielles. Cela s'aggrave 
par une dégradation forestière généralisée sous des formes différentes et par la surexploitation 
des ressources arborescentes hors des forêts. Des taux de boisement fortement accrus par rap-
port au passé sont nécessaires pour contrecarrer ces tendances. Un tel boisement peut compren-
dre le boisement d'extension, le boisement de reconstitution ou la plantation d'arbres en milieu 
non-forestier. Une stratégie mondiale de boisement devrait être développée pour stimuler la 
création fructueuse de nouvelles forêts et de nouvelles ressources arborescentes. Un cadre con-
ceptuel est présenté pour une telle stratégie. Il comprend trois niveaux de planification et d'ex-
écution. Au premier niveau il s'agit de développer des stratégies destinées à résoudre efficace-
ment des problèmes à long terme sur des régions entières. Au second niveau il faudra traduire 
ces stratégies en dessins plus détaillés et faits sur mesure pour des cas concrets. Le troisième 
niveau est opérationnel et concerne le développement de plans de travail en termes d'actions 
nécessaires. Le Symposium a été organisé selon ce cadre conceptuel. Le éléments majeurs qu'il 
faut considérer en développant de stratégies et des dessins sont ici alignés pour servir d'introduc-
tion aux contributions suivantes. Ce sont les objectifs du boisement, ses constraintes majeures 
et les méthodes diagnostiques pour choisir les stratégies et dessins adéquats. Enfin il est souligné 
que tout effort pour développer des stratégies et dessins efficaces sera vain tant que feront défaut 
les actions nationales et internationales afin de procurer les moyens nécessaires pour réaliser des 
projets. Les organisations non-gouvernementales peuvent également jouer un rôle important 
dans la stimulation du boisement. 
Introduction 
In the Netherlands, the first governmental decision to instate formal education in 
forestry was issued in 1863. The need for such education was considered to be para-
mount in order to ensure utilization of scientific knowledge and well trained people 
in various afforestation projects to reclaim degraded lands in the Netherlands and in 
the colonial forest service. Although it took until 1883 to fulfil this plan, this historic 
fact indicates that in the Netherlands, as in many other countries, the development of 
professional forestry as the art and science of managing forests for the benefit of 
mankind was related to the need to systematize experience and knowledge about the 
creation of new forests. And although subsequently many other aspects of forestry 
were developed, the aspect of afforestation has remained important. 
The great international significance attached to this subject was demonstrated, for 
instance, in 1967, when a World Symposium on Man-Made Forests was organized by 
FAO. This Symposium represented a first effort to bring together a systematic over-
view of how best to tackle and bring to solution the numerous and varied problems 
in the attainment of the goal of doubling the area of man-made industrial wood plan-
tations by 1985. 
At this meeting the following definitions of different types of forest creation were 
established (FAO, 1967): 
- Afforestation is the artificial establishment of forests on land which previously (= 
within living memory or within 50 years) did not carry forests. 
- Reforestation is the artificial establishment of forests on land which previously did 
carry forests and involves the replacement of the previous crop by a new and essentially 
different crop. 
- Artificial regeneration is the establishment of forests on land which previously did 
carry forests and involves establishing essentially the same crop as before. 
For the purpose of this Symposium, a further term has been added, i.e. tree planting. 
It might be argued that this term is the only one appropriate for afforestation and 
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reforestation. Indeed in most instances, the actual afforestation is directed towards 
planting trees. These trees will form the matrix for the development of a forest 
ecosystem, but this ecosystem is formed in time by nature itself, rather than by 
foresters. 
However the term tree planting is used here in another sense. It relates to the ar-
tificial establishment of trees outside forest. As will be discussed later, it has gradually 
been recognized during recent years that foresters should also pay attention to tree-
planting strategies, rather than to forest establishment exclusively. Indeed, it has been 
the recent recognition of the need for a greater variety of strategies in establishing trees 
wherever they are needed, than was formerly considered by foresters, which has 
brought back afforestation, reforestation and tree planting into the limelight for 
foresters, development planners and national and international authorities. In the pre-
sent paper, the word f orestation will be used to cover all these different activities. 
The purpose of this meeting is to collect, review and integrate material developed 
during recent decades in relation to different forestation schemes ranging from large-
scale afforestation projects to small-scale diversified tree-planting programmes. We 
hope that this experience can form a basis for a conceptual framework allowing the 
rational selection of strategic, tactical and operational principles and practices for suc-
cessful forest and tree establishment under most conditions. 
Recent trends in forestation and deforestation 
Recent developments in forestation can be analysed in different ways. Here we shall 
first sketch the picture in global and quantitative terms, i.e. in terms of past rates of 
forestation. Although these figures are impressive, there is no reason for complacency 
if we compare them with the annual rates of deforestation, forest degradation, and 
overexploitation of trees outside the forest. By comparing the attributes of natural 
forests and artificially established plantations, it becomes clear that forestation can-
not take over all functions of the natural forests and that it forms only one, albeit im-
portant, means of stopping the negative aspects of deforestation and other forms of 
depletion of tree resources. A critical evaluation of the objectives and advantages of 
forestation will clarify this point further. 
Developments in forestation rates 
The data in Table 1 indicate that the estimated world-wide area of forest plantations 
has increased considerably during the last decade from around 80 million hectare to 
about 100 million hectare, about 9 million hectares of man-made forests being 
established annually in the late 1970s. The majority of these forests are located in 
China, Europe, the Soviet Union and North America, but the rate of new establish-
ment seems now about equal in the temperate to that in tropical countries. 
In addition to this increase in forest area in many countries, there has been a long-
term build-up of growing stock. For instance, in Europe the net annual increment is 
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expected to increase from 451 to 535 million cubic metres in the period 1970 to 2000, 
a rise of almost 20% (Palmer, 1981). And in the United States, total annual wood 
growth increased by a factor of more than 3'/2 between 1920 and 1970, although the 
area of forests increased by only 20% (Clawson, 1979). 
But the area of man-made forests has increased considerably not only in the Nor-
thern Hemisphere. In several temperate-zone countries in the Southern Hemisphere, 
afforestation has been impressive, as in Chile, Southern Brazil, South Africa and New 
Zealand (Palmer, 1981) and also in some tropical countries like India, Indonesia, Zam-
bia and Kenya, important areas of man-made forest have been established (Evans, 
1982). Indeed, the area of forest plantations in tropical countries at present covers 
about twice the area envisaged in 1967 (FAO, 1967a) and is being extended at a pro-
gressively increasing rate (Fig. 1). The data in both Table 1 and Figure 1 must be inter-
Table 1. Regional estimates on total area of forest plantations and yearly planting (million hec-
tares). 
Developed countries 
North America 
Western Europe 
Oceania 
Others 
Total 
Centrally planned 
Europe & Soviet Union 
Asia 
Total 
Developing 
Africa 
Asia 
Latin America 
Total 
Aggregate total 
1965 
total areaa 
10.7 
9.6 
0.8 
8.0 
29.1 
13 
(30) 
(43) 
1.3 
5.9 
1.6 
8.8 
80.9 
annual planting 
(planned) 
2.1 
2.4 
0.1 
0.4 
5.0 
0.6 
1.5 
0.6 
2.7 approx. 
1975 
total areac 
11 
12.7 
1.7 
10.5 
35.9 
23.6 
28.0 
51.6 
1.0-1.8 
5.1-8.5 
2.1-4.6 
11.5 
99.0 
annual planting 
(planned)d 
0.9 
0.4 
0.1 
0.2 
1.6 
1.6 
4.5 
6.1 
0.1 
1.2 
0.2 
1.5 
9.2 
a. FAO, 1967a. 
b. FAO, 1967b. 
c. Anon., 1982; Lanly, 1982. 
d. Anon., 1982 (data for some countries lacking). 
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preted with care, because the various surveys on which they are based sometimes do 
not cover exactly the same countries and sometimes refer to somewhat different cate-
gories of forestation. However one can conclude that the aggregate national forestation 
plans formulated for the 1960s (Table 1) were too optimistic and the planned area was 
not achieved. In the 1970s, the annual rates of planting were lower than those origi-
nally formulated for the 1960s, but were still sufficient to exceed the global prognoses 
of 1967 presented in Figure 1. 
Although the area of newly forested areas has been constantly increasing over the 
past decades, there are several reasons why there is no room for complacency, especial-
ly about the tropics. In many regions, the rates of forestation have not balanced 
deforestation, forest degradation and overexploitation of tree resources. These pro-
cesses of destruction of forest and tree resources are reason for concern, as they result 
area(x106ha) 
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Fig. 1. Estimated areas of forest plantations in the tropics. 
- realized man-made forests; 
• plantation area projected in 1967; x realized and planned future industrial plantations, (after 
Reyneveld, 1983). 
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in loss of valuable biological and soil resources and often coincide with environmental 
deterioration as evidenced in disturbed hydrological cycles and erosion. The concur-
rent loss of forest products for local consumption or for the market, and the low 
agricultural productivity from the degraded lands severely affect the local population. 
National interests too may be threatened by the consequences of the deforestation (e.g. 
silting up of reservoirs and waterways). 
Deforestation, forest degradation and overexploitation of trees 
The annual rate of deforestation in tropical countries is about 11 million hectares, 
7.3 million hectares of which consist of closed forests in the more humid parts of the 
tropics and 3.8 million hectares consist of open forests in the semi-arid zones. In con-
trast, the annual rate of plantation establishment is only 1.1 million hectares. The area 
ratio of plantation establishment to deforestation is highest in tropical Asia (1 : 4.5) 
and lowest in Africa (1 : 29); it is 1 : 10.5 in tropical America (Lanly, 1982). 
In many regions of the world, forests are not only cut down and replaced by other 
forms of (often unstable) land-use, but in addition many remaining forests are subject 
to degradation as a result of unsuitable logging techniques, overexploitation for fuel, 
overgrazing and forest fires (Lanly, 1982), or atmospheric pollution (Ullrich & 
Pankrath, 1983). The extent of such forest degradation is not precisely known, but may 
well be estimated at several million hectares. 
A third process of destruction of tree resources is the overexploitation of trees out-
side the forest. To this process, much less attention has been given than to the processes 
of forest degradation and deforestation. Indeed until recently, neither foresters nor 
agriculturists paid much attention to the presence and roles of tree species other than 
fruit-trees and tree crops such as rubber and oil palm on farming lands. However 
gradually accumulating data indicates the great importance of trees in tropical 
agricultural systems (Ben Salaam & Van Nao, 1981; Watson, 1982; MacDonald, 1982; 
van Gelder & Wiersum, 1983). With the increasing realization that agroforestry may 
play an important role in the development of good land husbandry practices, more at-
tention is also being given now to the presence of trees in farming systems. Overex-
ploitation of these tree resources has been estimated in several countries or regions like 
Bangladesh, Java, Kenya and Nepal (Bajrachanya, 1980; Hammerfest, 1981; van 
Gelder & Wiersum, 1983) and is probably much more widespread than is generally 
recognized. In many tropical countries, this depletion of trees on agricultural lands 
may be as serious a problem as deforestation, especially in its effects on the supply 
of essential products for the local population. But also in temperate regions of 
Australia, concern has been expressed about the decline of trees in the rural landscape 
(Oates et al., 1981). 
The overexploitation of forest and tree resources has resulted in a rapidly decreasing 
capacity of forests and trees to provide essential services and products to humanity. 
Not the process of deforestation and degradation in itself, but this decreasing capacity 
of forests and tree stands to fulfil environmental and consumptive needs of many rural 
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people, especially in the tropics, is the main reason to increase forestation. No com-
prehensive review exists on global needs for forest and tree resources, taking into ac-
count both production and conservation needs. But already some indications about 
the need for wood products show the seriousness of the present lack of trees. 
In the early 1980s, 112 million persons suffer acutely from scarcity of wood for fuel, 
a lack amounting to 95 million cubic metres. A further 1280 million persons lack less 
acutely fuelwood deficits amounting to 312 million cubic metres. If present trends con-
tinue, around 3000 million people will suffer from a fuelwood scarcity or deficit in the 
year 2000, involving a total shortage of 925 million cubic metres (FAO, 1981). 
For industrial timber, the situation is less precarious and world demand is not ex-
pected to become greater than the available supplies between 1980 and 2000. Around 
the year 2000, however, the physical limits of supply for industrial wood output will 
be almost reached and to avoid such a situation the annual establishment of 1-2 million 
ha of industrial forests would be desirable (FAO, 1982). 
Table 2 shows the areas to be forested to cover the expected shortfalls in wood pro-
duction. Some estimates are also given of the potential for forestation on some 
tropical lands, which are subject to various forms of ecological degradation. But out-
side the tropics, there also is a potential for increased forestation. Canada, for exam-
ple, which traditionally relied on natural forests to supply forest products, has now 
recognized the need for a drastic increase of the area of forest plantations (Reed, 1983). 
In the Netherlands, a plan has recently been published to increase the self-sufficiency 
in wood production from 8% to 25%. This should be done by increasing the forest 
area by 200 000 ha and by establishing 20 000 ha of new roadside plantings. 
Relationship between forestation and deforestation 
The major objectives for forestry are to sustain three major groups of functions of 
forests, i.e. environmental production, production for local community needs and pro-
duction of industrial resources (World Bank, 1978). The objective of forestation is to 
contribute to these three output functions of forests through the establishment of 
Table 2. Estimates on some needs and potentials for forestation (FAO, 1982; Wood et al., 
1983). 
Areas needed to cover deficits in wood production 
Present fuelwood deficits 48 million ha 
Fuelwood deficits in year 2000 105 million ha 
Industrial wood deficits in year 2000 20-40 million ha 
Potential for forestation in tropical countries 
Desertified arid and semi-arid lands 1556 million ha 
Deforested watersheds 87 million ha 
Logged forests 156 million ha 
Forest fallows 181 million ha 
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man-made forests and tree stands, especially if the natural forests can no longer fulfil 
these functions. 
Put in this way, it is easy to conceive forestation as a means of stopping the negative 
aspects of deforestation and degradation of natural forests. A closer evaluation of the 
attributes of natural forests and artificially established plantations reveals, however, 
that forestation cannot take over all functions of the natural forests. 
In the first place, these different functions are not all necessarily related to forest 
as such but to different attributes of forests. Most of the protective functions of forests 
can only be exerted by forests as well functioning ecosystem. In relation to the protec-
tion of biological resources, man-made forests are certainly inferior to natural forests, 
in which natural biological diversity has evolved over centuries or millenia. And 
although physical resources like soil and water may well be proteced in many types of 
man-made forests, this is not always so for all plantation types. In other words, 
although properly managed man-made forests may maintain sustained production, 
they cannot maintain the full range of natural ecological values. These aspects will be 
discussed in fuller detail in the papers of Budowski and Evans. 
In the second place, selected tree species raised in artificially established tree planta-
tions mostly have different properties and end-uses from wild trees harvested in 
natural forests, as stated in T. Peck's paper. The development of plantation systems 
to produce wood with qualities similar to those from natural forests has hardly started. 
And as long as no changes take place in either silviculture or wood utilization, wood 
production from tropical forest plantations will tend to supplement rather than to 
replace the wood harvested in natural forests in most circumstances. 
In the third place, the effectiveness of natural forest conservation as well as of 
forestation are closely related to effective forest maintenance. If the basic causes of 
deforestation are not attacked simultaneously, forestation efforts will not be effec-
tive. Within a few years, the plantations too will have failed. Many examples of foresta-
tion schemes are known, where hardly any trees remain after a few years. For instance, 
the contributions of Pinyosorasak and Taylor & Soumaré mention that in Thailand 
and the Sahel only about a third of all trees planted survived after the first years. 
The principal reason for deforestation is not the need for forest products, but the 
need to turn forest soils to other uses. The main cause of tropical deforestation now, 
as for European and North American deforestation in the past, is the need for new 
agricultural land. World-wide about 45% of all tropical deforestation is caused by 
agricultural expansion by slash and burn techniques. In addition, large areas are 
cleared for the establishment of large-scale agricultural enterprises or settlement 
schemes (Lanly, 1982). Only a minor part of deforestation is caused directly by forest 
exploitation, although the opening of forests inherent in exploitation coupled with the 
impact of part-time labourers, often results in forest exploitation being followed by 
unstable agricultural expansion. If agriculture replaces forests under such cir-
cumstances, reforestation is unlikely to alleviate the pressure on natural forests. Man-
made forests and agriculture will compete for land as long as forest establishment and 
management do not provide essential food products for the local people and are more 
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labour-extensive. Consequently deforestation will continue if agriculturists are forced 
to open up new lands to replace the reforested agricultural fields. 
The importance of other factors than forest-product harvesting in relation to 
deforestation is illustrated by a recent estimate, which suggest that if high-yield 
plantation-grown wood production on appropriate sites could replace all wood pro-
duction from natural forests, this would only result in a decrease of deforestation in 
the humid tropics up to the year 2000 from 920 million hectares under present trends 
to 840 million hectares. For such a decrease to be attained, it would be necessary that 
instead of the new plantation area of 20 million hectares projected now up to the year 
2000 170 million hectare should be planted (Wadsworth, 1983). 
This indicates that forestation is by no means a panacea to deforestation and that 
care should be taken not to oversimplify and relate the objectives for forestation to 
rates of deforestation only. As discussed by Spears (this volume), better agricultural 
techniques, better management practices for natural forests and good institutional 
arrangements often play equally important roles in controlling deforestation. 
Advantages of man-made plantations 
Although man-made plantations cannot replace all functions of the natural forests, 
they have several advantages in some specific objectives of forestry and rural develop-
ment. These may be summarized as follows. 
- Plantations often have a much higher productivity of some major products than 
natural forests, through selection of fast-growing or high-yielding species planted in 
more or less uniform plantations in such a way that full use is made of the site poten-
tial. In many commercial timber plantations, yield of 15-30 m3 ha"1 a"1 may be 
reached against 1-5 m3 ha " 1 a " * in natural forests. Such concentrated production can 
be useful in regions with heavy competition for land. 
- The uniformity of man-made plantations allows the production of a homogeneous 
size and quality of end-products as well as the use of modern efficient techniques to 
establish and maintain plantations, and to harvest the desired (mixture of) tree pro-
ducts. It should be realized, however, that the costs for such management techniques 
may often be high and may not be economically attractive. 
- Man-made plantations can be sited on lands now under-utilized and of limited 
agricultural value, or near major markets of tree products. As wood is a bulky product, 
such easy access is an economic advantage. 
- By choosing proper designs including agroforestry techniques, the growing of trees 
in artificial stands may be combined with agricultural production. Several tree species 
can well be cultivated as isolated trees instead of in closed stands. By incorporation 
of such trees in farming systems, they can profit from the generally better site quality 
of agricultural lands over forest lands and provide high yields. Such combined produc-
tion of food and tree products can be an important tool to satisfy the many diverse 
basic needs of the rural population in many developing countries, probably without 
impairing the basic productivity of the site. 
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Conceptual framework for a general forestation theory 
General principles 
The recognition of the urgent need to enhance the rate and success of forestation 
so as to fulfil a variety of objectives has resulted in the emergence of various new ap-
proaches to forestation during the last decades. Often these new approaches have been 
based on trial and error and there is still uncertainty about their merits. It is the pur-
pose of this meeting to provide descriptions of both the longer existing and newer ap-
proaches to forestation with an analysis of their effects. This analysis should include 
an identification of the conditions in which the different approaches can usefully be 
applied. It is hoped that comparing the various approaches and conditions to which 
they may apply will contribute to the formulation of a preliminary conceptual 
framework of a general forestation theory. Such a framework should incorporate an 
integrated set of principles of how to analyse the various approaches with their strong 
and weak points, to allow rational selection of the appropriate forestation approach 
under different ecological and societal conditions. 
Generally, for the formulation, planning and implementation of a certain large-
scale endeavour, it is useful to distinguish three levels of detail. At the first level, 
strategies are developed, in which the purposes of the endeavour are described in 
general terms. This careful plan provides the framework for more detailed deliberate 
and purposive planning at the level of implementation. At this second level, the 
strategy is translated into tactical terms. In accordance with the strategy, a choice has 
to be made between several alternatives, which are possible in the particular case and 
the results are laid down in a more detailed design. At the third level of planning and 
implementation, the policy will be elaborated in operational action-oriented terms, 
which focus on the attainment of the goals set in the strategy and worked out in the 
design. 
In developing a conceptual framework for a general forestation theory, the same 
three levels of formulation and implementation can usefully be applied. The Sym-
posium has been structured along these lines. For the development of strategies, a 
thorough understanding of the purposes of such a strategy is needed. The first session 
of the Symposium is devoted to a critical discussion of the objectives of forestation. 
This discussion will not only refer to direct objectives, but also to the relation of 
forestation to other more general societal objectives. As not all objectives will carry 
the same weight for different forest management entities, the appreciation of the 
relative importance of objectives under different conditions of forest resource owner-
ship, will result in various forestation strategies. In Session 2, several forestation 
strategies are described. The papers indicate how these strategies are translated into 
different general types of forestation systems. 
Sessions 1 and 2 treat forestation mainly at the strategic level and present a set of 
ideas and principles thought to be a base for long-term effective problem-solving, 
often over extended areas. The defining of such a strategy is first step towards the goal 
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of increased forest establishment or tree planting. However, its usefulness is restricted, 
if it is not followed by further planning at the tactical and operational level. A strategy 
makes sense only if it does not remain a desk-strategy, but if it is further developed 
in the hard reality at the operational level. The bridge between the still abstract strategy 
and every-day life is a design, in which various processes and structures wanted are 
carefully worked out for efficient application in a concrete situation. In designing 
forestation systems attention must be given to both natural and human processes and 
structures. The main design components commonly recognized of being important in 
forestation, are discussed in Session 4. They are analysed for constraints and problem-
solving designs in order to obtain guidelines for detailed planning of a specific foresta-
tion system. 
As a tool for developing general forestation strategies as well as for drafting more 
detailed designs, it would be useful to have access toi a general diagnostic key, which 
could be applied under as many different conditions as possiblef At present, no such 
key is available, but one might hope that gradually such a tool can be developed. The 
preparation of the key will require integration of different diagnostic techniques now 
existing. In Session 3, several of such techniques will be discussed. These have their 
basis in a variety of scientific disciplines, and much work remains to be done to in-
tegrate them to one generally applicable diagnostic tool. 
However essential it is to have proper strategies and designs for more successful 
forestation schemes, all such work remains useless as long as no action is taken to im-
plement these plans at a general policy level. The final session indicates which policy 
measures should be taken by national, international and non-governmental bodies to 
activate forestation. 
In the next part of this paper, the main elements of this conceptual framework will 
be elaborated upon and a first approach to integrate the various elements will be given. 
Development of different forestation strategies 
N A strategy can be defined as a careful plan or method to assist in the implementation 
of a certain goal. In a forestation strategy, all the essential actions should be for-
mulated to ensure the actual planting of trees and forests for one or more specific pur-
poses in a region. 
In developing strategies for forestation, attention should be paid not only to the 
direct objective of creating various forest outputs, but also to more general objectives 
of a nation as a whole or of the forest management entity involved. From a societal 
point of view, not only the potential direct outputs are of importance, but also the 
degree to which forestation can assist directly or indirectly in achieving societal objec-
tives like fulfilment of basic needs, sustained economic growth and equity, generation 
of employment and self-reliance. Some of these aspects are illustrated in the paper of 
>Faber & Stolwijk. 
Various forest management entities may also have secondary objectives in addition 
to direct output creation. Specific forest management entities may give different 
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priorities to these direct and secondary objectives (Table 3). 
In the past, most forestation was directed towards objectives defined by national 
forest services or industrial forestry enterprises. Often schemes were based on the 
needs of wood supply for established or planned timber industries. The establishment 
of these plantations with their associated forest industries was justified by supposed 
positive forward and backward linkages of forestry in general and forest industries in 
particular at the local community level.During the last decade, it has been gradually 
recognized that this emphasis on industrial forestry did not automatically result in 
rural development (Westoby, 1978; Steinlin, 1977; Douglas, 1983) and that it led to a 
neglect to counter the processes of natural forest degradation and the depletion of 
wood supplies for the local community. Especially the Forestry Sector Policy Paper 
of the World Bank (1978) did much to draw attention to these hitherto neglected 
aspects of forest management. In addition, reports of the International Development 
Research Council (Bene et al., 1977) and FAO (1978) and the discussions at the 8th 
World Forestry Congress in Jakarta helped to make people realize the relation of 
forestry to rural development. 
To redress this imbalance in forestry development, much attention is now being 
given to deliberate creation of alclualistic forest economy, ip which the emphasis on 
developing modern forest industries with related'indïl'sfrîaî wood plantations is match-
ed by efforts to develop a forestry sector directed to needs of the local people. These 
new forms of forestry have a' multitude of suggested names like 'social forestry', 
'forestry for local community development', 'extension forestry', 'agroforestry' and 
'farm forestry'. These terms are sometimes used synonymously but are by no means 
Table 3. Main objectives for forestation of various forest management entities. 
Management entity 
National forest service 
Large-scale private forest 
enterprises 
Community forest 
Farmer's forest 
Main objective for forestation 
Multiple outputs including: 
- sustained production of resources for socio-economic 
development 
- sustained environmental management 
- tourism and recreation 
Optimum economic returns: 
- maximal production of commercial resources; 
- resource production for own industry; 
- sustained financial liquidity 
Material and non-material objectives vary between sites, e.g. sus-
tained production of indigenous or industrial resources, 
tourism and recreation, economic use of (marginal) com-
munal lands 
Integration with agricultural activities 
Subsistence production of tree products for the farmer's own 
consumption and as agricultural resource; financial reserve 
and increased income. 
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equivalent, since some describe concepts and objectives and others comprise foresta-
tion systems. They have been assessed by Sangal (1981) and Burly & Wood (1983). In 
all such forests, management is based on the prospects and needs of local populations. 
As a consequence of this re-evaluation of how forestry can contribute to the objective 
of successful forest-based rural development, various assumptions in forest policy are 
now being challenged and criticized. This is so for the assumption that establishment 
and management should be based on central policy and planning within an 
authoritative and hierarchical forest service. As in many other development 
endeavours, the 'macro' functional 'top-down' approach directed towards industrial 
growth has been complemented during the past decade by a 'micro' territorial in-
tegrated 'bottom-up' approach focusing on basic needs, equity and popular participa-
tion. 
In this respect, let us. distinguish two analytically different types of strategies:/out-
side interventions) and [indigenous adaptive strategies (UNESCO, 1978). Often it is 
assumed that forestation requires outside interventions by official or non-
governmental organizations. Such a presupposition does not take into account the ex-
isting successful tree-planting acitivities developed by local people in various regions. 
Several examples are given in the paper by(R. Peck. jSome of these activities have 
already been practised for a long time, but others have been developed in recent times 
only as an adaption to local shortages of natural forest resources or in response to 
f-marketjorcesXOlofson, 1981). Much more use could be made in interventive foresta-
tion of the examples of such successful autochthonous tree-planting strategies, which 
often amount to agroforestry techniques with multipurpose trees. In many forestation 
schemes, a supposition from classical forestry lingers on, that trees have to be grown 
in concentrated stands on specifically designated lands, which are centrally planned 
and managed by specially trained people. Existing indigenous strategies show that 
there is scope of extending forestation strategies from the establishment of such con-
centrated plantations on specific sites to scattered individual tree planting on more 
varied and extended areas. 
So in drawing up strategies for forestation, a much wider range of approaches is be-
ing considered than a decade ago. In developing a well adjusted forestation plan, the 
following questions must be asked. 
- In view of the local ecological and societal situation, what are the outputs aimed 
for and who should benefit from them? 
- How will the forest and tree resources be owned and who will supply the inputs 
for forestation? 
- Should the strategy incorporate forestation aspects only or should it be integrated 
with other aspects of rural development and management of natural forests? 
These questions will have to be answered for diverse social conditions, land-uses and 
forest situations. In a first approach to categorize these different conditions, six major 
types of environments may be distinguished (World Bank, 1978): 
- wood-deficient marginal lands, 
- wood-deficient areas with a good physical environment, 
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- overpopulated wood-deficient areas, 
- wood-abundant poor areas, 
- wood-abundant areas with severe population pressure, 
- wood-abundant rich areas. 
\In each environment, a different forestation strategy has to be developed, possibly 
leading to different forest systems. In Session 2, several examples will be given of maj or 
forestation strategies with their translation into specific forest systems. The main 
features of these systems will also be indicated. A critical evaluation of the strong and 
weak points of these different approaches under specific conditions should result in 
defining ways to arrive at a right balance between the various approaches for specific 
environments. 
Design of f orestation projects 
For implementation of forestation schemes, the abstractions of the strategic level 
have to be further developed to fit the reality of the operational level. For this purpose, 
a careful design has to be made, which elaborates the processes and structures wanted 
into measures to be applied in specific situations. For various project elements, alter-
natives may be worked out. In drawing up a strategy for forestation, the effectiveness 
of the endeavour is the major concern, whereas in making the design, attention is also 
paid to the efficient realization of the proposed scheme. For forestation, such a design 
may be called a 'greenprint' (Bellamy, 1978) by analogy with the blueprint of civil engi-
neering. 
As greenprints are designs for living systems to provide certain products or services 
for mankind, both the growth patterns of the organic systems, such as trees or forests, 
and the predictable impacts of natural factors and human actions upon these systems 
should be included. Success or failure of projects depends on ecological and human 
integrity. Both aspects should be carefully assessed and integrated in the greenprint. 
A basis prerequisite for each greenprint is the 'durability imperative', which lies at 
the base of each forestation type. Analytically this includes the requirements of 
ecological stability and sustained yield. The intricacies in designing ecologically stable 
forestation systems are discussed by Brünig, who stresses the need to incorporate the 
effects of infrequent catastrophes in the design of long-rotation forestry. 
In respect to the human side of forestation, Gregersen & Houghtaling (1978) 
distinguish three categories of constraints: lack of interest because of low profits or 
conflicting goals of specific forest management entities, lack of knowledge because 
the benefits are unknown and lack of ability because of physical, financial and 
technical déficiences. The constraints may also be classified in relation to the five main 
input categories of forestation: land, labour, capital, technical knowledge and 
organization (Table 4). Each of the major inputs can take several forms, according to 
whether it is provided by private persons or by communal action or governmental in-
stitutions. In designing forestation systems, careful choice should be made which form 
of each input should be utilized and how the various options should be combined in 
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Table 4. Major constraints to forestation. 
Land 
Labour 
Capital 
Knowledge 
Management 
Competition for land by agriculture and grazing 
Land tenure systems 
Physical conditions: drought 
excess moisture 
topography 
fertility 
Availability 
Training 
Lack of capital 
Long gestation period 
Low or uncertain profitability 
Choice of species and techniques of establishment 
Participation by local people 
Too 'functional' approach by forest service 
Lack of maintenance 
Legal aspects such as rights to forest produce 
order to counter most effectively the constraints to forestation under the specific con-
ditions of a particular project. Institutional arrangements appropriate under different 
conditions are discussed by Palin. 
If forestation takes the form of outside interventions, it may involve a number of 
different activities, such as providing information about tree planting to generate sup-
port for it, supply and distribution of planting material (seed or seedlings) or land, 
planting, protection and maintenance (Barnes et al., 1982). In some forestation pro-
jects, the outside interventions address only some selected activities like awareness-
raising campaigns. In others, a more comprehensive approach may be taken, which 
includes all stages. The activities might even be extended further by including timely 
organization of the harvesting and product distribution. In industrial plantations, 
these aspects are usually taken care of by a central authority with professionals, who 
exactly know the organization's aims and objectives. But in social forestry, it is too 
common that local people are left to their own devices after planting, without any in-
formation on time and method of cutting trees or the arrangement of a sustained yield 
of needed outputs. Many evaluation studies of several social forestry projects indicate 
that a precondition for successful social forestation is clear-cut and well understood 
ownership of the forest resource, be it land or tree products (Cernea, 1981; Noronha, 
1980; Burley, 1982; Barnes et al., 1982). At present, several trials are under way to let 
local populations do the lion's share of the designing themselves, as illustrated by the 
Upper Volta and India projects discussed in Session 2. These examples illustrate the 
changing ideas on the respective roles of the professional forest services and the local 
population in planning forestation schemes. This increase in popular participation is 
a consequence of the strategic considerations epitomized above as the 'bottom-up' 
approach. 
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So in planning forestation systems, many aspects need to be taken into account. 
Especially in social forestation, many more variables have to be included than foresters 
used to include in industrial schemes or reforestation projects within the forest do-
main. In Session 4, Pelinck et al. will stress the need for properly planned extension 
and training activities, to ensure local participation in community forestry projects. 
Other design elements such as those relating to economic and financial aspects treated 
by Sedjo, and technical and organizational aspects discussed by Jackson will be rele-
vant to both industrial, social or protection forestation projects, either state or private. 
In preparing a greenprint, attention should be paid not only to internal project 
elements, but also to incentives from outside. To stimulate forestation, a wide variety 
of incentives may be included in the plan in response to different constraints. 
Gregersen will indicate the suitability of these various incentives in response to some 
of the major constraints. 
Tools for the diagnosis of strategies and designs 
To make a good choice between different forestation strategies and designs, it is 
essential that this choice is based on a thorough diagnosis, of local assets and con-
straints. Many examples are known where faulty diagnosis has resulted in wrong 
strategies or unmodified plans with subsequent failure of the forestation project. 
Cernea (1981), for instance, described the failure of an afforestation project in 
Pakistan through erroneous diagnosis of the existing land tenure situation, and Spears 
(1981) has pointed at some of the consequences of faulty diagnoses in relation to some 
World Bank projects. Arnold in this volume also mentions several cases of erroneous 
diagnosis. 
For a forestation project to succeed, it must be environmentally and technically 
sound, socially acceptable and economically reliable. To judge the degree to which 
these different criteria are met, and to choose between alternatives, a variety of 
diagnostic tools are needed. Such tools are needed to evaluate whether the defined 
strategy or drafted design is applicable under the local conditions. To judge this ap-
plicability, one must identify the relevant critical symptoms that may hinder or 
stimulate forest or tree establishment in the case under consideration. A diagnostic 
technique should assist in the recognition of such critical symptoms and in ways to 
counter constraints. A variety of general diagnostic techniques have been developed, 
such as analysis of environmental impact or farming systems and several methods 
related to economic assessment. The approaches are mostly based at least to some ex-
tent on a model approach. A particular model is often based on a single discipline. 
Although advances are being made to develop more complex interdisciplinary models 
on which to base diagnosis, we seem to be far from a general diagnostic key giving 
equal weight to all aspects of forestation. 
Session 3 reviews the present state in regard to some of the most promising techni-
ques of diagnosis for forestation planning. It may help to clarify the scope, the 
strengths and weaknesses of each approach. Comparison between the different 
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assumptions and procedures should assist in a further integration. 
The contribution of Paneel & Wiebecke compares different techniques that may 
usefully be applied in industrial forestation. Most exploit financial and economic 
criteria, but the wider applicability is also indicated. 
For social forestry, economic analysis is also a useful tool, although it does not 
always give sufficient information on the social setting of the project. In this respect, 
the farming-systems approach discussed by Raintree in relation to agroforestry seems 
to offer worthwhile new elements. 
A different approach is land evaluation, as presented by Gelens. This approach is 
based on ecological classification of land and pays much attention to the ecological 
capabilities and constraints of various land-use practices. Once one has defined which 
forest-utilization types are possible in a certain region, one can analyse which are rele-
vant within the local social and economic conditions. 
All of the above approaches are based on conceptual approaches to a systematic 
evaluation of critical symptoms under different conditions. Such abstract approaches 
can only by implemented if the right kind of field data have been collected. To collect 
such data, many techniques are known and widely applied and they do not need to 
be discussed further at this forum. However with technical advances in remote sensing, 
new ones are becoming available, which can be very helpful for collection of data and 
recognition of certain critical symptoms. The paper by Gonzalez discusses the com-
bined use of remote sensing with satellites and geographic data bases in choosing 
suitable areas for forestation. 
Conclusion 
Increased rates of forestation and its rationalization are urgently needed. Efforts 
must be based on well thought-out and critically assessed strategies and designs. We 
hope that the proposed general framework for such strategies and designs for foresta-
tion may assist in stimulating the discussion on these aspects and that it may lead to 
a further systematic development of a global forestation strategy. 
However such an endeavour will remain an intellectual exercise only, as long as no 
steps are taken to activate forestation. For its implementation policy decisions are 
needed at several levels, both nationally and internationally. Examples of policy 
measures to stimulate forestation are given in the contributions by Levingston, Wir-
jodarmodjo & Bratamihardja, and Grainger. These policy actions should be addressed 
not only to traditional forestry institutions but also to others. Indeed, the enlarged 
scope of forestation and its possible contribution to the solution of some major pro-
blems in rural development has now caused many non-forestry institutions to support 
forestation activities. This increased support for forestation is only to be stimulated, 
because the job to be done is so enormous, that it will never succeed if formal forestry 
institutions are the only ones involved. Only with the backing of national governments 
and international organizations to forest services, voluntary organizations and local 
people will it be possible to carry through with the huge task before us. 
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Role of forestation as a sustainable land use and strategy option for 
tropical forest management and conservation and as a source of supply 
for developing country wood needs 
J.S. Spears 
World Bank, Washington D.C., USA 
Summary 
This paper briefly reviews the role which forestation and more intensive management of 
natural forests could play as one of the sustainable land use options for management and con-
servation of the tropical moist forest. Secondly, it examines the extent to which forestation can 
contribute to meeting future developing country fuelwood and industrial wood needs. 
The conclusion is reached that extensive natural forest management systems will^ only play 
a limited role, because in less than 20% of all developing countries is the remaining natural 
forest area adequate to satisfy future domestic fuelwood and industrial needs. It can be an-
ticipated that there will be increasing emphasis in the coming decades on forestation with fast 
growing species, particularly for production of fuelwood, fodder and building poles. Much of 
this forestation will comprise the planting of individual trees around homesteads, among 
agricultural crops, along farm boundaries and in agricultural wastelands. In addition, planta-
tions of fast growing species including planting in logged-over forest areas will, increasingly, 
provide the developing countries' future industrial wood needs . 
These efforts should be combined with the preservation of a substantial part of the tropical 
forest ecosystem as permanent biotic reserves. To conserve a significant part of what remains 
of the tropical forests, the forestation and forest management options should also be combined 
with a whole series of agriculture, rural development, legislative, financial and policy interven-
tions. Forestry conservation planning needs to be integrated more closely with that of other sec-
tors and, particularly, with the development of intensively developed agriculture buffer zones 
in and around the forest. 
There is reason for a cautious optimism about the future forestation prospects. In several 
countries success has already been achieved in regard to both large-scale afforestation programs 
and spontaneous tree planting activities of farmers and communities. And in case of failures 
the responsable factors can reasonably well be identified. Notwithstanding formidable pro-
blems remain to be solved, enough is known to justify a doubling of current forestation rates 
in most developing countries in the short run an increase of at least five-fold in the medium 
term. Given appropriate government awareness, political commitment and financial support, 
coupled with a concerted effort of the international donor community, such rapid escalation 
in planting rate could become an achievable goal. 
Keywords: tropical moist forests, forest resources, forest policy, environmental conservation, 
silvicultural system 
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Résumé 
Le rôle du boisement dans l'utilisation durable des terres et le choix de stratégies d'aménagement 
et de conservation des forêts tropicales comme source de bois pour les pays tropicaux 
L'auteur passe en revue le rôle du boisement et d'un aménagement intensive de forêts 
naturelles comme option d'utilisation durable des terres dans le cadre de l'aménagement et de 
la conservation des forêts denses humides. Ensuite, il considère le potentiel du boisement pour 
contribuer à couvrir les besoins futurs en bois de chauffage et en bois industriel dans les pays 
en voie de développement. 
En fin de compte, le rôle d'un aménagement extensif de forêts naturelles ne peut qu'être limité, 
puisque moins de 20% des pays en voie de développement possèdent une surface forestière suf-
fisante pour couvrir leurs besoins internes futurs en bois de feu et pour l'industrie. On peut 
prévoir dans les décennies à venir un accent accru sur le boisement à l'aide d'espèces à croissance 
rapide, plus précisément pour produire du bois de chauffage, de fourrage et des poteaux de con-
struction. Dans bien des cas il s'agira de la plantation d'arbres isolés autour des maisons, dans 
des champs agricoles, au long de limites de fermes et sur des terres agricoles épuisées. En outre, 
des plantations d'espèces à croissance rapide, aussi dans des régions forestières déjà sélective-
ment exploitées, couvriront de plus en plus les besoins futurs en bois industriel des pays tropi-
caux. 
Ces efforts devraient s'accompagner de la mise en réserve intégrale et permanente d'une partie 
substantielle des écosystèmes forestiers tropicaux. Afin de conserver une partie significative de 
ce qui reste des forêts tropicales, les options de boisement et d'aménagement forestier devraient 
également s'intégrer dans toute une série d'interventions agronomiques, législatifs, financières, 
politiques visant le développement rural. La planification de la conservation des forêts a besoin 
d'une intégration bien plus intime dans la planification d'autres secteurs, en particulier celui du 
développement de zones-tampon d'agriculture intensive entourant les forêts. 
Il existe des raisons pour un optimisme prudent quant aux perspectives de boisement future. 
Dans plusieurs pays des programmes de boisement d'extension à grande échelle ainsi que des 
activités de plantation d'arbres par des paysans ou des communeautés rurales ont déjà été 
couronnés de succès. Et dans les cas d'échec il est relativement aisé d'en identifier les causes. 
Néanmoins, des problèmes formidables restent à résoudre. Notre connaissance actuelle permet 
de préconiser, par rapport à l'actuel, un double effort de boisement à court terme dans la plupart 
des pays tropicaux et un accroissement par un facteur d'au moins cinq à terme moyen. Etant 
donner la prise de conscience des gouvernements, l'engagement politique et financier, en com-
binaison avec un effort coordonné de la communeauté internationale de pays donateurs, une 
telle escalation rapide des taux de plantation devraient pouvoir devenir un but réaliste. 
Introduction 
While the area of forest in the developed world has stabilized and, in some countries, 
actually increased, the area of forest in the developing countries has declined by a half 
in the present century. This papier is concerned with the role of forestation as one of 
the options for management and conservation of what remains of the tropical moist 
forest (TMF), a biologically diverse eco-system, which contains nearly half of the 
world's known plant and animal species on only 6% of the land surface. 
The TMF, of which about 1 billion hectares remains, is spread over some 60 coun-
tries, of which 12 include about 80% of the total area (Table 1). It is currently being 
destroyed at a faster rate than in any previous period of history; about 7 million hec-
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Table 1. Mid-1970's distribution of tropical moist forest area by region and 
country (Myers, 1980; US Interagency Task Force on Tropical Forests, 
1980). 
Region 
Latin America and the Caribbean 
Bolivia 
Brazil 
Colombia 
Guyana 
Peru 
Venezuela 
Other countries (23) 
Africa and the Indian Ocean 
Gabon 
Zaire 
Other countries (17) 
Asia, Australasia and the Pacific 
Burma 
Indonesia 
Malaysia 
Papua New Guinea 
Other countries (16) 
Total 
Estimated tropical 
forest area (km2) 
5 900 000 
300 000 
3 000 000 
360 000 
200 000 
650 000 
350 000 
1 040 000 
2 100 000 
200 000 
1 000 000 
900 000 
3 000 000 
365 000 
800 000 
231 000 
400 000 
1 204 000 
11 000 000 
Percent of 
total 
54 
3 
27 
3 
2 
6 
3 
10 
19 
2 
9 
8 
27 
3 
7 
2 
4 
11 
100 
tares a year are being deforested which implies that by the end of the present century, 
a further 100 million hectares will have been degraded or converted to agriculture 
(Lanly, 1982). 
Several recent studies (US Council of Environmental Quality, 1980; US Interagency 
Task Force on Tropical Forests, 1980; FAO/UNEP/UNESCO, 1983) have examined the 
underlying reasons for tropical forest destruction and suggested remedial action. 
Population pressure, leading to conversion of forest land to either shifting cultivation 
or permanent agriculture, commercial scale cattle ranching, fuelwood gathering and 
commercial harvesting and logging are the most obvious causes, although there are 
many other contributory factors. 
One of the main problems associated with deforestation is that the acid latosols 
which underlie much of the tropical forest eco-system are incapable of supporting sus-
tained annual food cropping without major inputs of fertilizer and adoption of inten-
sive husbandry techniques. As pressure on land has increased, farmers practising shif-
ting cultivation - which is a sustainable land use option - are being forced to reduce 
the fallow period and to move towards more intensive annual food cropping without 
these necessary inputs. The result has been that large areas of the tropical moist forest 
are being converted to coarse grasslands or scrub vegetation of little value (e.g. the 17 
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million hectares of Imperata grasslands in Indonesia). Major policy issues for many 
developing country governments are how to ensure that the 100 million people already 
living in TMF areas plus the additional 3 to 5 million people a year who are currently 
settling in the forest, can be assisted to adopt more sustainable farming systems and 
secondly to find viable alternatives to further settlement of tropical forest lands. 
Many of the plant and animal species and the unique genetic resources which the 
tropical forests contain constitute a major source of pharmaceutical drugs and 
medicines and of plant breeding material that have the potential significantly to con-
tribute to the welfare of future generations, and it is the risk and uncertainty about 
the consequences of their possible extinction which have been another of the main 
causes of international concern. In a localized context, there are also serious adverse 
environmental consequences of tropical deforestation which, if followed by spon-
taneous settlement and heavy grazing, can result in increased soil erosion and in 
upland water catchments to disruption of river flow to increased flooding,, loss of 
downstream crops and, in extreme cases, to loss of human life. 
Effectively to address this issue and to ensure preservation of a substantial part of 
what remains of the tropical forest will need a very wide spectrum of agriculture and 
rural development, forestry, legislative financial and policy interventions. A com-
prehensive range of possible actions was formulated by developing country forestry 
and environmental leaders at a joint meeting organized by FAO/UNEP/UNESCO in 
January 1982 (FAO/UNEP/UNESCO, 1982). A further list has been recently compil-
ed by the Office of Technology Assessment of the USA (OTA, 1983). An attempt to 
translate these recommendations into an effective action program suitable for donor 
community financial support was recently prepared by the World Bank (1983) which 
identified the following as possible key elements of an International Tropical Forest 
Conservation and Development Program suitable for donor agency support: 
- Intensified efforts to assist developing country governments to manage at least 
10% (about 100 million hectares) of what remains of the tropical forest eco-system as 
biotic reserves which would be protected from incompatible uses such as human en-
croachment and exploitation. The proportion to be protected would vary from one 
country to another according to need. In some situations, quite small blocks of forest 
could provide a sustainable habitat, e.g. for threatened wildlife species (e.g. Operation 
Tiger in India), in others, much larger forest tracts-representative of a self-contained 
eco-system would be preserved. 
- Increased financing for agriculture/rural development projects which would assist 
the 100 million people already living in the tropical forest to adopt sustainable farming 
systems based on agricultural tree crops and /or proven agro-forestry combinations 
(including production of minor forest products), and which would increase 
agricultural productivity in non-forest lands buffer zones around the forest fringe. 
- Substantial escalation of reforestation with fast growing compensatory fuelwood 
and industrial plantations which can help take the pressure off the remaining tropical 
forest. 
- Adoption of more positive policy measures aimed at discouraging further settle-
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ment in tropical forest lands such as withholding loans for extensive cattle ranching 
in tropical forests, restricting wasteful logging, replacing log exports by domestic pro-
cessing of forest products, securing better terms of trade for developing country forest 
exports and ensuring sustained yield forest management in logged over areas based 
to the maximum possible extent on participation of local people in forest management 
and conservation. These policy measures could be incorporated as an integral compo-
nent of economic development projects financed through the Tropical Forest 
Program. 
- Increased financial and technical assistance for further research into agro-forestry, 
cropping and small scale animal husbandry combinations suitable for tropical forest 
lands. 
A key point made in the proposal is that many of the technical and institutional 
solutions to more effective forestry management and conservation are already well 
proven and that what is needed is formulation of a concerted action program of 
soundly conceived rural development, forestry and institution building projects to 
which all international financing and technical assistance agencies could quickly 
respond. 
Whilst the main theme of this present paper is concerned with the role of forestation 
as a sustained yield management option for conservation and protection of what re-
mains of the TMF, it should be apparent from the above introduction that, taken in 
isolation, more intensified forest management and forestation in themselves, can only 
play a supporting (although essential) role. The root cause of tropical deforestation 
is rural proverty exacerbated by other problems such as inequitable land distribution; 
population pressure in and around forest lands; excessive livestock numbers in relation 
to sustainable carrying capacity of forest rangelands; lack, in most developing coun-
tries of alternative job opportunities in the industrial, servicing and other sectors; in-
adequate agricultural pricing policies; ineffective family planning programs. Whilst 
this papier deals only with the forestation element, it is clear that forestry needs to be 
more clearly integrated with rural and general economic development programs if it 
is to play an effective role (Spears, 1980). 
The choice between more intensive natural forest management and plantations 
I'n formulating forestation strategy, one of the fundamental policy issues frequently 
debated is the choice between natural forest management and plantation develop-
ment. Given current trends in tropical deforestation and the status of remaining 
resources relative to rising population density, the conclusion is reached in this papier 
that the choice between these two options is, in many cases, academic. In less than 20 
out of more than 100 developing countries is the remaining area of natural forests 
capable of supplying future domestic needs for fuelwood, poles and industrial wood 
and other forest products, whether managed under an extensive, or intensive, manage-
ment system. Furthermore, in many countries, the geographic location of the remain-
ing natural forest areas is frequently so far from the main concentration of rural and 
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urban population, that exclusive dependence on natural forests as a principal source 
of forest products, is economically impossible. Afforestation of new areas, particular-
ly farm lands and agricultural waste lands will be essential if the developing countries 
are to become self-sufficient in these commodities. 
The challenge facing both national governments and the international aid com-
munity over the coming two decades, will be how to achieve on the one hand a major 
intensification of the productivity of natural forest management systems, and on the 
other, a massive escalation in the annual rate of forestation. To give an approximate 
order of magnitude, current levels of fuelwood planting in the developing countries 
will need to be increased at least five-fold from 0.5 million to about 2.5 million hectares 
equivalent to ensure a reasonable degree of self-sufficiency in fuelwood by the year 
2000. Similarly, in many individual countries, planting of industrial species will need 
to be at least tripled between now and the turn of the century if massive imports of 
timber, wood-based panels and pulp and paper products are to be avoided. 
Whilst there remain difficult problems, such as those of how to involve the landless 
in forestation programs and technical difficulties of planting in the arid and semi-arid 
zones, sufficient is already known in many developing countries to justify an im-
mediate escalation of current planting rates. Two of the main constraints to achieving 
this, are lack of political commitment at the national level and, secondly, the inade-
quacy of financial resources allocated to forestation programs. 
Sustained yield management options for the tropical moist forest 
A fundamental requirement of tropical forest resource management should be sus-
tainability. Brunig et al. (1975) have suggested that sustained yield management 
systems for tropical forests should meet the following requirements: 
- vegetative cover, adequate to prevent soil deterioration: 
- nutrient balance, losses no greater than nutrient inputs; 
- diversity adequate to control systematic deterioration. 
Wadsworth (1982) has recently carried out a useful review of the current state of 
knowledge on the different options for sustained yield management ranging from 
'Zero treatment' through 'Refining', 'Natural regeneration', 'Underplanting' and 
'Plantation' development concluding, as did Leslie (1977) in an earlier study, that after 
50 years of continuous experimentation, many foresters have concluded that sustained 
yield management systems that perpetuate the natural forest and maintain original 
species, composition and ecological structure are, in most situations, impossible to 
achieve. The various management options discussed by Wadsworth (1982) are briefly 
summarized below. 
Zero treatment 
Traditional conversion of tropical forest includes the harvesting of more valuable 
species and to date, this has comprised removal or 'creaming' of the higher value 
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species above a stipulated diameter. In most cases, these account for a very small pro-
portion of the total standing forest crop (e.g. in Latin America 5-10 m3/ha out of a 
total standing volume of 300-400 m3/ha, in West Africa 10-15 m3/ha and in South East 
Asia, in richer Dipterocarp forests, up to 60 m3/ha). A high proportion of these logged 
over forests receives no silvicultural treatment after logging. The theory behind such 
a zero management option is that by returning to the same area in, say 15-25 years' 
time, it would be possible to remove a second cut of the higher value species and also 
possibly to include the felling of additional species which have assumed a higher 
market value in the intervening period. 
Nigeria is a good example. In the 1950's logging operations concentrated almost ex-
clusively on five redwood species for export. Today (1983), with rapidly rising domestic 
demands for lower grade construction timbers - 40 species are being removed from 
the same forest area being cut over on a second cycle with no intermediate forest 
management having been applied. 
The main technical and economic constraints to this type of management are, first 
of all, the fact that trees and secondary forests grow very slowly. For example, in Puer-
to Rico estimated annual yields from residual forests are less than 5 m3 ha ~1 a ~1. The 
best yields achieved have been recorded in the Philippines where well developed 
Dipterocarp forest produced up to 10 m3 ha _ 1 a ~1. These yields fall well short of the 
potential yield from more intensive forest management systems. 
A second constraint is the very large forest area which is needed under such low pro-
ductivity management to produce a significant volume of merchantable wood. As a 
serious option for sustained yield management zero treatment would seem to be rele-
vant only in those few countries which contain a very large forest area relative to 
population density and domestic wood demand like Guyana, Surinam, French Guiana 
and Gabon. It might also be applied in countries which have a well developed area of 
compensatory forest plantations which can adequately satisfy wood demands, e.g. 
Brazil, Chile, Kenya. In these countries, an extensive management option for the 
natural remaining forest may be sound economics if the objective, for example, is 
periodic removal of higher value hardwood species. 
A variation of the 'zero treatment' system of management is periodic clear felling 
of the whole biomass resource for production, e.g. of pulpwood as is already being 
practised in Colombia. In such situations, the possibility does exist for greatly increas-
ed productivity by using a wide range of species. The main limitation to this approach 
as a possible sustained yield management system for a significant part of the world's 
remaining TMF are firstly, that even under the most optimistic assumption of future 
world pulp demand, it seems unlikely that more than (say) 5 million hectares could 
be brought into intensive management for mixed tropical hardwoord pulpwood pro-
duction between now and the end of the century. This is less than one per cent of the 
total remaining area of tropical forest. The reason for this limited potential is 
marketing constraints for pulpwood and the ready availability of alternative wood 
pulp supplies from the traditional producing areas of North America, Scandinavia 
and USSR, plus, to an increasing degree, from new production areas with fast-growing 
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plantations. Examples of these new pulpwood resources are the plantations of 
Eucalyptus in countries such as Brazil and Portugal, and of Pinus radiata in New 
Zealand and Chile. 
Secondly, the heterogeneous nature of the TMF and the significant proportion of 
species with high silica content, which makes them difficult to work, means that even 
with the intensive pulpwood management system applied in Colombia, local utilisable 
yield still falls significantly short of that which can be produced from homogenous 
plantations producing a relatively uniform raw material. 
Refining 
'Zero treatment' is a low input/low output management option. Wherever high 
yields or better trees are required, more investment in management must be made. The 
lowest level of technology is 'Refining'. Sometimes also termed 'improvement felling' 
or 'timber stand improvement'. It implies the selected allocation of the growing space 
in forests to promising immature trees at the expense of others. 
Technical constraints to wide adoption of this system include logging damage and 
post-logging mortality and the necessity of making quite large openings in the forest 
canopy in order to ensure adequate regeneration of desirable species (Dawkins, 1956). 
The most successful application of this system has been in the Dipterocarp forests 
of Malaysia (Hutchinson, 1982). Elsewhere in the tropics, the system is in disrepute 
partly because of the technical problems outlined above, but also because of the 
relatively low productivity of this management system estimated at about 6 m3 ha _ * 
a"1 in Uganda (Dawkins, 1956) and at 5-6 m3 ha - * a"1 in the Philippines (Miller, 
1981). 
Natural regeneration 
Natural regeneration consists of the removal of the over-story in one or more cut-
tings to promote either the production of seed or the growth of existing seedlings or 
saplings. 
An early disillusionment with the system was the finding that except when coor-
dinated with seed fall, it almost universally failed to induce the new seedling crop 
(Watson, 1936; Griffith, 1947). 
A successful variant known as the Malaysian Uniform System is applicable to the 
lowland Dipterocarp forest peninsula in Malaysia, but even there, as a management 
system, it is complex. Problems include lack of information as to the occurrence of 
natural regeneration, how to induce it, where absent, and how to keep treatment cost 
within reason. As for other treatments defined above, average yields are expected to 
be low and of the same order as those from 'Refining', i.e. about 5-6 m3 ha~1 a~1. 
The Natural Regeneration System is no longer extensively practised in tropical 
forests, primarily for economic reasons. 
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Underplanting 
Underplanting comprises the planting of trees where some living portion of the 
former forests still remains; it includes both 'gap' and 'line' planting (both sometimes 
called 'enrichment' planting). Such management systems began in India and French 
West Africa in the early 1930's. 
In practice, 'enrichment' planting has proved of limited utility. Only in the 
Dipterocarp forest of Malaysia have growth rates been rapid enough to ensure that the 
underplanted trees compete effectively with the surrounding forest and survive to pro-
duce a significant final crop volume. In many other cases, the cost of annually remov-
ing climbers and weed tree species has proven to be so high, and the technical problems 
of keeping on top of the competing vegetation so formidable, that experiments in 
'enrichment' planting have been abandoned. 
Whilst the yields to be expected from 'line' plantings are greater than those of the 
previous management systems described, they have the added disadvantage of only 
producing a merchantable crop in 25-100 years compared with 10-25 years for more 
intensive plantation forestry using fastgrowing species. 
For these reasons 'enrichment' and 'line' planting options are being pursued in 
relatively few countries at this point in time. 
Plantations 
Partly because of the problems experienced with the management systems described 
above, but most of all because of recognition of the need to move towards systems of 
higher forest productivity in order to keep up with rising domestic demands for forest 
products, there has been a significant shift in forest management during the last two 
decades towards monoculture plantations of both hardwood and softwood species. 
More than 11 million hectares of such plantations have already been established in the 
developing countries. Planting is currently proceeding at the rate of about 1 million 
hectares a year (Table 2). 
Of tropical country industrial wood removals, which are predicted to rise from 135 
million to 324 million cubic metres, by the year 2000 (FAO, 1982) more than 50% of 
the increased production will come from fast growing plantations. By the turn of the 
century, the proportion of total industrial wood removals accounted for by plantations 
will rise from 7% in 1975 to 33%. In the case of fuelwood cutting, the proportion of 
fuelwood supplies available from farm forestry was estimated by FAO in 1980 as about 
116 million cubic metres, i.e. about 35% of total wood based supplies. Given current 
deforestation and farm forestry tree planting trends, this could well rise to more than 
50% by the turn of the century. 
The majority of the existing 11 million hectares of plantations have been established 
in cut over forest or savannah lands outside forest reserves. Less than one million hec-
tares have been established as compensatory plantations in cut over TMF. Never-
theless, the extensive experience which has been gained over the last 50 years in the 
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Table 2. Areas of all tree plantations and of non-industrial plantations (between brackets) at 
the end of 1980 and annual rates of plantation projected for 1981-1985 (in thousand hectares) 
(FAO/UNEP/UNESCO, 1982). 
Region 
Tropical America 
(23 countries) 
Tropical Africa 
(37 countries) 
Tropical Asia 
(16 countries) 
Total 
(76 countries) 
Hardwood species 
other than 
fast-growing 
area 
1980 
548 
(419) 
588 
(294) 
1976 
(163) 
3112 
(876) 
annual rate 
(1981-85) 
50 
(39) 
47 
(23) 
90 
(25) 
187 
(87) 
fast-growing 
area 
1980 
2451 
(1583) 
645 
(483) 
2303 
(1220) 
5399 
(3286) 
annual rate 
(1981-85) 
312 
(207) 
50 
(36) 
237 
(142) 
599 
(385) 
Softwood species 
area 
1980 
1621 
(50) 
547 
(6) 
832 
(226) 
3000 
(282) 
annual rate 
(1981-85) 
173 
(6) 
29 
(3) 
111 
(38) 
313 
(47) 
All species 
area 
1980 
4620 
(2052) 
1780 
(783) 
5111 
(1609) 
11511 
(4444) 
annual rate 
(1981-85) 
535 
(252) 
126 
(62) 
438 
(205) 
1099 
(519) 
wet tropics with species such as Albizia, Leucaena, Gmelina (Philippines), Tropical 
Pines (Malaysia), Eucalyptus (Indonesia), Triplochiton and Terminalia (Ivory Coast, 
Congo PR, Nigeria), Maesopsis (Uganda), Akoumea (Gabon) and others, indicate 
that these plantations survived well in TMF ecological conditions and are capable of 
yielding five to ten times more merchantable wood per hectare per year than the 
natural forest can be expected to produce under extensive management systems such 
as those described in the previous sections of this paper. Moreover, these plantations 
offer the prospect of relatively short rotations (5-10 years for fuelwood and pulpwood 
and 20-25 years or better, for saw logs), compared with much longer rotations for 
natural forest. Whilst further research is called for to broaden the range of species, 
enough is already known to justify an early escalation in the current rate of planting 
in logged over degraded TMF areas. 
Ecological considerations 
From the ecological viewpoint, all the management systems described ranging from 
'Zero treatment' to intensive plantation management suffer from the same drawback 
in that they result in a narrowing of the diversity of the original forest ecosystem and 
constitute a change of species composition. The relations between forest plantations 
and biological diversity are reviewed by Budowski in this volume. If the objective is 
to retain intact a part of the unique tropical forest ecosystem, then the only way to do 
that would be to create biotic reserves which are taken out of circulation and protected 
from human interference. The best hope for achieving that lies in a concerted interna-
tional program such as that already initiated by UNESCO under its MAB program 
allied to creation of buffer zones of intensive agricultural forestry and other economic 
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development activity as advocated by the World Bank (1983). 
Concern has been expressed about the likely impact of continuous harvesting of fast 
growing species on soil nutrient availability and the risk of declining yields, but this 
risk may be exaggerated (Evans, this volume). On balance, it seems likely that the 
necessary levels of fertilizer application between plantation rotations would be con-
siderably less than those commonly applied, for example, in agricultural cropping. 
Adoption of land clearing and harvesting systems which ensure retention of leaf litter, 
twigs, bark, avoid destumping and reduce the risk of soil deterioration, can help main-
tain soil nutrient status. 
Similar concerns relating to the risk of insect and fungal damage have, to date, prov-
ed unfounded. Whilst mistakes have been made, there seems little doubt that enough 
is already known to justify proceeding with tropical forest plantations on a large scale 
provided that the programs include provision for careful site selection, avoidance of 
top soil removal, monitoring of soil nutrient status and the possibility is periodically 
reviewed of the need for application of fertilizer between rotations. 
To summarize, the risk that plantation forestry might contribute to serious 
ecological degradation seems to have been overstated. As Goodland (1975) com-
mented after a visit to Brazil's Jari project: 
'Reasonable people accept that much of Amazonia will be modified by some degree 
of 'development'. Tree plantations are, environmentally, greatly preferred over the two 
development models now being perpetrated in nearly all Amazonian projects, viz., 
conversion of forests to annual crops and to cattle pasture. Emphasis should be place 
on this important consideration because in the ranking of environmental preference 
- trees annuals cattle - the Jari model is seen in a more attractive perspective'. 
(See also Goodland, 1980). 
The role of natural forests 
The bias in this paper towards farm forestry and plantation development is not in-
tended to imply in any way that natural forests per se do not have a role to play. They 
are vital to environmental protection and will continue to provide a major source of 
the developing country forest product needs for many years to come. The issue that 
is under discussion - is whether - given scarce capital and other resources and taking 
into account the rapidly rising domestic demand for forest products, resources will 
better be spent on extensive 'marginal' systems such as those defined above, or as more 
intensive options such as plantations. Evidence seems to suggest that a zero treatment 
i.e., least cost option for natural forests may be an economically prudent management 
policy in those situations where forest product demands can be adequately met from 
natural forests; and intensive plantation development where they cannot. This broad 
generalization needs to be treated with caution - there may be individual countries 
and situations where it does not apply. 
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Economic consideration 
Given that there will be a need for massive escalation in forestation investment dur-
ing the coming decades, the likely level of costs and economic rates of return from such 
investments will be a matter of some concern. Contrary to conventional wisdom, likely 
problems associated with the long term gestation period of forestry investments and 
allegedly low economic rates of return, have so far, not proven to be a constraint to 
investment in this sector by the external aid agencies. 
Table 3 summarizes the levels of investment costs per hectare and economic rates 
of return appraised for 32 forestation projects funded by the World Bank since 1968. 
Particularly noteworthy are the high levels of economic rates of return achieved for 
social forestry programs involving establishment of multi-purpose trees on farm lands 
and agricultural wastelands in situations where much of the work is carried out by the 
farmer or local community using fast growing short rotation species which begin to 
produce utilisable output within 2-5 years of establishment. 
Compensatory plantations 
One of the stronger arguments in favour of plantation forestry is that these planta-
tions can help to take the pressure off the remaining natural tropical forest resources. 
In Brazil, for example, despite the fact that the Brazilian Amazon forests contain 280 
million hectares of timber, the Brazilian Government decided some 15 years ago, 
through a fiscal incentive program, to encourage a vigorous policy of plantation 
forestry in the East and Southern states situated close to the main population centers 
(Galvao & Do Couto, this volume). Over four million hectares of plantations have 
already been established and these currently supply about 60% of the country's in-
dustrial wood needs at considerably lower cost than the alternative of logging the 
natural forests of the Amazon and transporting timber from there to the South East. 
Currently, the Amazon resource supplies less than 10% of Brazil's wood needs and, 
if plantations continue to be established at the present rate, it would be possible, in 
theory, within another decade, to satisfy all Brazil's wood needs from fast growing 
plantations without recourse to further Amazon exploitation. However, this will of 
course not stop the conversion of the Amazon forest to pasture or annual crops. 
Similar experience could be cited from Kenya where, up to the 1940's, most of the 
timber needed for domestic consumption and export was derived from logging opera-
tions covering much of the country's 1.5 million hectares of natural forest. Since the 
1950's, most of the logging has been concentrated in a compensatory plantation area 
covering about one-tenth of the total indigenous forest. As a result, it has been possi-
ble to set aside substantial areas of natural forest as national parks, protection forest 
and nature reserves. 
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Is tropical f orestation an achievable goal? 
Nothwithstanding the very formidable problems which remain to be overcome, such 
as how to involve landless communities in forestation, problems of fragmented land 
tenure, technical difficulties of growing trees in arid zones, and so on, there are several 
reasons for at least cautious optimism concerning the prospects for global forestation. 
Firstly, several developing countries have already demonstrated that a sustained ef-
fort can, within a period of one or two decades, produce enough fuelwood, timber and 
other forest products adequately to satisfy domestic demands and to ensure protection 
of vulnerable watersheds. In relation to meeting local fuelwood needs, China, Korea 
and India are three outstanding examples. In relation to satisfying future industrial 
wood needs, the achievements of Brazil, Chile, Zambia, Malawi, Kenya, Madagascar, 
Mozambique, Angola, Fiji, Swaziland, Zimbabwe and Portugal are particularly 
noteworthy. Most of those countries have created a plantation asset which is large 
enough to sustain a substantial export trade in addition to meeting domestic demands. 
Secondly, many other developing countries have demonstrated that, given ap-
propriate political support and adequate resource allocation, a very significant escala-
tion in the rate of forestation can be achieved. Recently the World Bank carried out 
an interim review of the progress of the forestation programs in 38 different projects 
financed by the Bank since 1968, covering 29 different countries. These projects aimed 
at the establishment of about 2 million hectares of new planting over 5-year planting 
periods and in most cases it would involve a doubling of the rate of forestation in the 
area concerned (Table 4). In 30 out of the 38 projects analyzed, actual planting targets 
achieved exceeded 80% of that target. In 21 of the projects analyzed, planting 
achievements exceeded expectation: in only three cases did planting achievements fall 
below 50% of target. 
More importantly, there has been an improving perception at both the national 
government and donor agency level of the reasons for success and failure in forestation 
programs and growing recognition that much of the tree planting now taking place 
in the tropics is a spontaneous response by farmers and local communities to increas-
ing scarcity of forest products and to rising market prices (Spears, 1983; Foley & Bar-
nard, 1983; Arnold, this volume). Given appropriate government support to farmers 
and communities such as assurance of a readily available supply of tree seeds or low 
cost seedlings, or, for larger scale planting, availability of credit and technical exten-
sion support - then a rapid escalation in the rate of planting can be achieved. Many 
of the technical, institutional and economic constraints tó forestation are being over-
come, and it has been possible clearly to identify those factors responsible for past 
failures and most critical to future success (Spears, 1983). High among the priority 
areas for future attention are basic research, both technical and sociological, at the 
outset of forestation programs in order to ensure that advocated technical packages 
and proposed institutional arrangements are in line with people's perceived needs; the 
importance of using fast growing short rotation, multipurpose tree species, which of-
fer farmers and local communities a wide range of forest products, including 
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fuelwood, fruit, fodder, poles, timber and minor forest products, and early financial 
returns; and thirdly, particularly in relation to farm forestry, the need for a shift away 
from highly centralized and mechanized government controlled tree nursery programs 
towards low cost seedling distribution systems, including, where appropriate, pro-
viding the farmer with packets of proven quality tree seeds for direct sowing on his 
own holding. 
Investment needs 
Current levels of external aid support to forestry (including technical assistance) are 
running at somewhat less than US $ 200 million a year. Preliminary estimates suggest 
that about US $ 1 billion a year would be needed effectively to escalate the current 
levels of tropical forestation to the level needed to ensure future domestic self-
sufficiency and effectively to protect areas remaining of the tropical forest eco-system. 
The main constraints to achieving this is lack of awareness at the national government 
level of the negative consequences of deforestation. 
Given a high and sustained level of political commitment at the national govern-
ment level on the one hand, and an appropriate increase in the level of funding on the 
other, there are reasons to be hopeful that tropical forestation could become an 
'achievable goal'. 
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Forestation for local community development1 
J.E.M. Arnold 
FAO, Rome, Italy 
Summary 
Forestation programmes for local community development are proving to be more complex 
and diverse than originally thought. The supply, and use, of trees and tree outputs are often part 
of complex human and resource systems. Community level forestation in practice encompasses 
a whole range of quite different situations and activities, in which the factors influencing success 
or failure can vary quite sharply. Generalizations concerning availability of land, length of pro-
duction period and possession of relevant knowledge and skills as constraints to participatory 
-tree growing are proving to apply only in some instances. A clearer understanding is also emerg-
ing of the limits within which tree growing might be an activity which could contribute to local 
development. A variety of impediments limit the access of some people to land for tree growing; 
physical and economic factors prevent others from growing trees; and institutional restrictions 
exclude yet others from participation. Communal solutions have had only limited success so 
far in overcoming impediments. Market opportunities on the other hand are becoming increas-
ingly important in widening the scope for farm level tree growing. Some form of government 
support is nearly always essential for all forms of participatory forestation, and can be critical 
in removing or reducing impediments to participation. 
Keywords: Social aspects forestry, agriculture/forestry relation, farm woodlands, communal 
forestry 
Résumé 
Boisement pour le développement de la communauté locale 
Les programmes de boisement pour le développement de la communauté locale s'avèrent plus 
complexes et différents de ce qu'on aurait pu imaginer. L'approvisionnement et l'utilisation des 
arbres et de leurs produits font souvent partie des systèmes complexes de tradition et de 
ressources. En réalité, le boisement communautaire englobe un ensemble de situations et d'ac-
tivités bien différentes, dans lesquelles les éléments qui conduisent à Ja réussite ou à l'échec peu-
vent varier d'une façon impressionnante. Des remarques générales sur la disponibilité des terres, 
la durée de la période de production, la connaissance et compétence dans ce domaine en tant 
1. An earlier version of parts of this paper, entitled 'Community Forestry and Meeting 
Fuelwood Needs', was presented at the British Association for Advancement of Science Sym-
posium 'Replenishing the World's Forests', London, 20 April 1983 (Arnold, 1983). 
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que contraintes ne se manifestent seulement que dans certains cas. Une plus grande compréhen-
sion des limites dans lesquelles la culture des arbres pourrait contribuer au développement local 
se manifeste. Certains empêchements physiques ou économiques limitent l'accès de certaines 
personnes à la terre pour y cultiver des arbres; des restrictions institutionelles font aussi obstacle 
à la participation d'autres personnes. Des solutions communautaires par rapport à ces pro-
blèmes ont eu jusqu'à présent un certain succès bien que limité. D'autre part, en accentuant l'im-
portance de l'exploitation de la culture des arbres, la commercialisation est en train de devenir 
de plus en plus significative. Une certaine forme d'assistance gouvernementale est presque tou-
jours essentielle, mais elle peut devenir décisive en atténuant les obstacles à la participation au 
programme de boisement communautaire. 
Introduction 
During the recent past there has emerged growing appreciation of the contributions 
that outputs of forests and forest trees make directly to the well-being of rural people 
in developing countries. Heightened concern with energy supplies, with rural poverty, 
with environmental degradation and with fool shortages have all contributed to a bet-
ter awareness of the magnitude and importance of rural dependence on fuelwood for 
cooking, forest based building materials, arboreal fodder supplies, wildlife and other 
forest foods, the stabilizing and protective effects of land use systems which incor-
porate trees, and of income from forest products. The evidence that these contribu-
tions are important has been extensively discussed elsewhere (e.g. FAO, 1978 and 1983) 
and need not be repeated here. 
This improved understanding has led to increased recognition that with excessive 
deforestation removing existing tree resources the maintenance of essential goods and 
services from the forest will often require active programmes of tree growing. Foresta-
tion programmes to provide rural communities with fuelwood and other forest pro-
ducts are not new. They have usually featured prominently in the activities of forest 
services, though in the last couple of decades they tended to become overshadowed 
by the priority attached to industrial plantations. What is new in recent programmes 
is the recognition that the huge size and widespread dispersion of needs for local 
forestation is now so great that it can only be tackled in an essentially self-help fashion 
by the people themselves, and that to attract such participation tree growing must be 
attractive to them. This perception has brought with it growing understanding that this 
will often entail quite radical changes to conventional forestry practices, both in terms 
of selection of what to plant and how to organize the planting and also in terms of 
what form government involvement and support needs to take. 
Many programmes and projects designed to encourage and support forestation for 
local community development are now in existence. Most are still at a very early stage; 
few having been in place long enough to complete a full cycle of production and use. 
The process of learning what are the requisites for success in community forestry is 
therefore still at an early stage. Nevertheless experience is accumulating rapidly. Be-
cause so much of such experience is yet unrecorded, or is recorded only in project or 
forest service files, any attempt to review it must unavoidably be very incomplete. The 
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review in the present paper is based on the information presently available to FAO, and 
draws on data from projects and programmes with which the Organization is asso-
ciated. 
Identifying the contributions of forestation to local development 
The need for participatory local forestation activities to produce benefits attractive 
to the participants has been widely perceived and acknowledged. Nevertheless much 
of the lack of success of such projects to date clearly stems from failure to correctly 
identify what these benefits would be in a particular situation. Projects are still com-
monly influenced more by the perceptions of the project promoters and designers, 
viewing the situation from outside, than by the perceptions of the potential 
beneficiaries inside the situation. Calculation of benefits, and costs, of a project from 
the point of view of the community or individual and from the point of view of the 
forest service will generally lead to different assessments (Romm, 1980). Thus early 
attempts at devising programmes to encourage and support solutions to fuelwood 
shortages through local tree growing activities tended to be based on the assumption 
that the removal of the fuelwood shortage would itself be a sufficient benefit. This 
was hardly surprising. At least to outside observers, the problems created by 
deteriorating fuelwood supplies appeared to provide incentive enough to those involv-
ed to do something about them. 
As fuelwood gets scarcer the people who gather it, who are usually the women and 
children of the family, have to carry heavy load of fuelwood over longer and longer 
distances. With growing scarcity, crop residues which would otherwise be used as 
livestock feed, or animal dung which should be worked back into the soil to help main-
tain its productivity, get diverted to use as fuel. As scarcities deepen, families may need 
to devote scarce cash income to purchasing fuel, at the expense of other necessities -
including food. In extreme cases, the point can be reached at which there is so little 
fuel that the availability of cooked food declines, with detrimental effects on nutrition 
and health (Arnold & Jongma, 1978). 
Severe though these problems are, they have seldom by themselves stimulated local 
remedial actions. People seldom isolate their fuelwood problem in this way. A 
fuelwood shortage is only one of several or many problems they face. Moreover, fuel 
is seldom the only product they get from trees, and often not the most important. A 
recent survey of people's attitudes in an area of Malawi with growing fuelwood shor-
tages showed that people were more concerned with the shortage of timber, because 
poles of the size and quality needed to build houses had become even more difficult 
to find than fuelwood (Malawi, 1982). In hill areas in Nepal a similar survey disclosed 
that the principal concern was with tree fodder, again because it had become more dif-
ficult to obtain than fuelwood (Campbell & Bhattarai, 1983). 
In some cases benefits may be narrowly definable, for example when trees are being 
grown as a cash crop. More frequently there will be multiple benefits that need to be 
taken into account. Often these extend to more than just different wood products. 
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People widely derive a broad range of benefits from trees. In addition to poles, 
fuelwood and fodder, trees produce fruits, nuts, fibres, leaves, oils and gums and other 
products of edible or saleable value. Trees provide shelter and shade, and help main-
tain the fertility of the soil, bringing to the surface layers, in the form of humus, soil 
nutrients to replace those drawn off by agricultural crops. 
Community level forestation therefore needs to provide for the multiple functions 
of trees and forests in the life of rural people. They are more likely to respond to pro-
jects that enhance a broad set of benefits available from the presence of trees than to 
projects that try and address just a more limited objective. Furthermore, there is a need 
to identify accurately what forest or tree outputs people actually need and value. For 
many rural people it is a variety of non-wood products from the indigenous forests 
or woodlands which are of value, products which often cannot be replicated in planta-
tions or woodlots (Hoskins, 1982). 
Equally important is the need to correctly identify and understand the complexity 
of the interrelationships which can affect tree growing and use in many rural situa-
tions. Not only do trees have multiple uses, but tree outputs often have several substi-
tutes which may or may not be easier for the people to obtain or provide than trees, 
the land needed for trees can be put to alternative uses, there may be competing claims 
on the labour needed for planting and tending the trees, and so on (Reddy, 1983). Pro-
duction and use of tree products at the village level in fact is often embedded in com-
plex resource and social systems (deLucia, 1983). Most of the factors that affect our 
ability to intervene with forestry solutions are of a non-forestry nature. They are 
primarily human factors, connected with the way in which people organize their land 
and other resources. Accurate identification of how community level forestation can 
best benefit people, and of what constraints and possibilities they confront in trying 
to grow trees, may thus need the deployment of social as well as physical forms of data 
gathering and analysis (Brokensha & Castro, 1983). 
Availability of land for tree growing 
The most commonly cited constraint to tree growing facing rural people is availabili-
ty of land. The use of land for trees is widely perceived as being at the expense of food 
production or other agricultural crops, or of the use of land for grazing livestock. The 
very lack of trees in a landscape tends to be taken as evidence that they have had to 
give way to agriculture. 
Evidently competition for land is real, and food rightly takes precedence where it 
exists. However, trees do not necessarily compete with agriculture, nor are they always 
an inferior use of the land. Nor does removal of the tree cover in the past necessarily 
imply that there is insufficient room for trees. 
Competition for land in this connection is often discussed in terms of either/or 
choices; if land is to be devoted to tree growing it will no longer be available for crop 
or pasture production. The reality in many, if not most, situations is more complex 
and varied. In many situations trees can be added to agricultural production systems 
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in ways which result in supplementary or complementary increases in yields and/or 
returns. In many more situations crops or pasture can continue to be grown under trees 
even though the latter depress crop/pasture yields, because the resultant reductions in 
returns from the crops are more than offset by benefits from the presence of the trees. 
Some of the more widespread agricultural systems which incorporate trees - the 
home or tree gardens of Asia and the compound farms of Africa - were responses 
to increases in pressure on the land. As the forests receded farmers took to planting 
forest tree species of economic value on the farm, usually around the house; working 
out over time the most efficient and sound mixture and structure of different species 
(e.g. Okigbo, 1977). In this way trees have been maintained in large numbers even in 
such densely populated areas as the plains of Bangladesh and Java. 
Such systems have often proved very resilient and stable. In Java, cultivation of the 
tree gardens has adapted well to changing socio-economic conditions such as land and 
labour availability, market opportunities, etc.; and can be further adapted to meet pre-
sent changes. They are, however, part systems within a total farm system; appropriate 
only when there is also land available within the system for production of staple food 
crops. Below a certain threshold of land ownership or income they are not appropriate 
(Wiersum, 1982). 
Few situations feature the intensity of either population pressure or land use ex-
hibited on Java. The more usual situation is one in which a much more extensive 
agricultural or pasture use of the land has replaced forest or woodland, in which the 
process of clearance and transfer falls far short of total deforestation. The subsequent 
total removal of trees is more likely to reflect the pressures on the residual tree resource 
of demands for poles, fuelwood or fodder, than pressure for more land for agriculture. 
In such situations, land is seldom the limiting factor. In recent attitude surveys to 
determine why people do not plant more trees in Malawi (Malawi, 1982) and Tanzania 
(Skutsch, 1983), respondents have seldom listed lack of land to be a major impediment 
to their growing trees. In the relatively extensive land use systems practised evidently 
it is other features that are the limiting factors. Some of these may be associated with 
the prevailing agricultural practices, such as unrestricted grazing or burning (Open-
shaw & Moris, 1979), but availability of land itself is not. 
Even where much more intensive use is made of the land, there are often strips and 
pockets of unused land that could be used for trees. This system has been very effec-
tively developed in China in the so-called 'four-side' or 'all around' planting pro-
gramme. Communes are encouraged to plant trees wherever there is space - along the 
banks of streams and rivers, beside roads, between fields, and next to houses and 
villages. In Henan Province alone, 1900 million trees have been planted under this pro-
gramme (FAO, 1982). 
Consequently, land is not necessarily a constraint. While it would be unwise to 
minimize the importance of competition for land as a factor in community level af-
forestation, this has probably been overstated as a reason why people do not plant 
more trees. Though land availability is certainly a limiting factor in some situations, 
in many it is not. 
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Communal forestation systems 
However, to grow trees people must obviously have access to some land. Unless this 
can be secured, self-help forestry cannot help the landless. Nor are very small farmers, 
needing to devote all their inadequate allocation of land to staple food crops, likely 
to be able to participate in tree growing. Much attention has consequently been given 
to trying to find communal solutions, such as the village woodloot, which give all 
members of the community access to fuelwood and other forest products, and not just 
those members who have enough land of their own on which to plant trees. 
There are other advantages to communal systems of forest management. For exam-
ple, economies of scale in the production of timber favour woodlots of a size beyond 
the means of most individuals. Similarly, protection will often be easier, and less cost-
ly, if the trees are concentrated in a communal woodlot, rather than dispersed over 
many individual holdings. 
There have been some notable successes with communal woodlots. In the Republic 
of Korea, one of the first countries to come to grips effectively with its fuelwood pro-
blem through a community forestry programme, more than one million hectares of 
fruit, fuel and timber trees were planted in five years. This was accomplished by more 
than 20 000 village forest cooperatives, drawing on substantial support from the 
government (Gregersen, 1982). However, not all situations lend themselves to a com-
munal approach to fuelwood production. Korea has a tradition of cooperative efforts 
in forestry and other rural activities. Also, the government was able, and prepared, to 
establish and implement new legislation necessary to make available the land the 
cooperatives needed for their woodlots. 
These requisites are not present everywhere. There may be no communal land, or 
no community level organization. If there is communal land, there may be divergencies 
of interest within the community as to how to use it, or on how to distribute the 
benefits from a community forest. Cost and benefit impacts of tree projects are likely 
te be different for different income groups; for different users of the land; and between 
landless and landowners, and within the latter between larger and smaller farmers; for 
different components within the village power structure; and even within the family 
between men and women and between different generations (Noronha, 1982; see also 
Faber & Stolwijk, this volume). For example, proposals to use communal grazing land 
for trees will be perceived quite differently by those who presently use that land for 
grazing their livestock than by those who do not. Such conflicts may be very difficult 
to resolve in communities which do not have homogeneity of ethnic, economic or 
social interest, or which lack locial cohesion, or where there is lack of confidence in 
the community leadership. 
The inequalities underlying such distributional and equity problems usually have 
deep institutional and political roots which could require far reaching changes before 
they could be removed or ameliorated. Indeed, it has been recently argued that, unless 
there is an egalitarian distribution of land, village level forestry projects cannot reach 
the poor and the landless (Agarwal, 1980). 
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Discouragements to communal forestation also arise from customs or laws which 
create a different status for tree-bearing land. Thus communities prove to be widely 
reluctant to agree to communal land being put under trees where legislation of tradi-
tion suggests that his land will then fall under the control of the state. Probably 
because of inadequate attention to such constraints, in most participatory forestation 
programmes communal activities have had only limited success to date; and have 
usually made less rapid progress than private planting. Tree planting by the individual 
household or farmer, depending as it does only on considerations of self interest, will 
often be easier to install. 
Planting only by individuals will, of course, restrict tree growing only to those with 
land. Attention has recently focussed, therefore, on trying to design forestation pro-
jects for groups that do have shared economic objectives and situation, and a measure 
of socio-cultural homogeneity, which may often mean smaller groups than a village 
of the community. In Nepal the original provision enabling woodlots to be turned over 
to local administration units (panchayats) is being broadened to allow such transfers 
to be made to smaller, informal groups sharing use of a particular wooded or planta-
tion area. In Bengal and the Philippines projects are based on groups or landless given 
access to public land on which to grow trees. These schemes are too young to permit 
an assessment of their success, but early indications from some of them are 
encouraging. 
Market opportunities 
It has been widely argued that to be attractive to rural people tree growing must pro-
duce tangible short-term economic benefits. For the poor, the need to give priority to 
meeting present rather than future needs is very evident. That this is an important fac-
tor is borne out by the fact that nearly everywhere the trees people choose to grow are 
those that start to produce fruits, fodder, gums and other outputs of saleable or own-
use value early after planting, in addition to the wood produced later in the production 
cycle. Wood in fact is usually a co-product, and often only a by-product, of other pro-
ducts of trees on a farm or in a village. 
An orientation to short-term benefits has been a significant feature of most suc-
cessful participatory forestation activities. In the Korea fuelwood programme, for 
every hectare of fuelwood species half a hectare of chestnut trees was planted. In addi-
tion, production of mushrooms, fibre, bark, resins and a number of other commercial 
products was encouraged within the woodlots, generating in total income of about 
US $ 90 million a year for the village forestry cooperatives by 1978 (Gregersen, 1982). 
In central Java villagers were enouraged to grow Calliandra calothyrsus, a leguminous 
tree shrub which grows so fast that it can start to be harvested for fuelwood within 
one year. Once in full production, it yields 20-60 m3 ha ~1 a ~1. It also provides edible 
foliage and fruit for animals and is valuable for soil restoration and conservation (Na-
tional Academy of Sciences, 1983). 
In the last few years there has been a widespread growth in the immediate, monetary 
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benefits from tree growing through saleable outputs, principally poles and fuelwood. 
Shortages of round timber of the size and quality needed for house building and other 
construction begin to emerge quite early in the process of degradation and destruction 
of existing forest and woodland, so that people have to increasingly purchase building 
poles. A market for poles therefore develops, creating a demand logically met by the 
production locally of fast growing pole species. 
The magnitudes involved can be very large. In the State of Gujarat, in India, the 
growth in private planting to provide poles, and fuelwood, has been explosive. Starting 
only a few years ago, the number of trees planted annually by farmers had risen by 
last year to nearly 100 million, and is expected this year to reach 200 million. 
In the vicinity of large towns and cities the rapid growth in demand for fuelwood 
and charcoal is having a similar effect. When the rural poor migrate to the towns, they 
continue to depend on wood fuels for cooking and heating. To date most of the sup-
plies have come from destructive cutting of existing tree resources in nearby rural 
areas. However, rising prices and shrinking supplies have increasingly encouraged the 
investment in new supplies through tree planting. Some urban areas, for example Ad-
dis Ababa (National Academy of Sciences, 1980), have long been supplied with 
fuelwood in this way. Fuelwood growing is now to be found outside many cities and 
the scale and incidence of such production is spreading rapidly. ' 
Small farmer production of wood as a cash crop has not been confined just to poles 
and fuelwood. In the Philippines more than 3 000 farmers grow Albizia J"alcataria for 
sale as pulpwood. In northern India farmers grow eucalypts for sale as pulpwood and 
veneer logs. In the Sudan, Acacia Senegal has been grown as a farm crop to produce 
gum arabic, a principal source of export revenue for the country, for hundreds of years. 
Match stock, tannin bark and a variety of fruits, oils and nuts are other industrial raw 
materials produced from forest trees grown by smallholders. 
The emerging importance and magnitude of the growing of trees as a cash crop is 
focussing attention on a number of issues. First there is the matter of access to 
markets, and or prices. Much of on-farm forestation has grown up spontaneously in 
response to market factors; notably rising prices. In some places, such as Gujarat, the 
expansion of tree growing has been so rapid, and is now so large, that concerns have 
begun to arise that supplies could soon exceed demand, leading to a fall in prices. At-
tention is therefore being given to developing a market intelligence system so that 
farmers are not encouraged to build up production beyond levels which would yield 
them an acceptable return. Shifts in land use practices towards tree growing on the 
scale being witnessed in Gujarat are also raising issues of crop and labour 
displacement. 
In most places it is still the opposite problem of providing the necessary support to 
enable farmers to take advantage of market opportunities that requires attention. This 
may entail no more than extension advice on what to grow, and how to grow it, and 
access to planting stock. In some cases it could also involve access to markets, and 
price levels. Smallholder production of pulpwood in the Philippines, for example, rests 
on contractual assurances about prices and about the willingness of the pulp company 
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to purchase farmer production (Hyman, 1983). 
The process of commercialization of previously predominantly subsistence tree out-
puts such as fuelwood is clearly spreading from the towns into the rural areas. As local 
wood resources continue to diminish, rural as well as urban people will increasingly 
have to purchase at least part of their needs. The stimulus of an accessible-cash market 
for tree products is becoming available to farmers in more and more situations. The 
growing of trees in response to market forces is therefore becoming an increasingly 
large component of overall community level forestation. The need to understand the 
commercialization process is consequently becoming important (van Buren, 1983). As 
yet it has been little studied. 
Small farmer constraints and possibilities 
Important though the increase in tree growing as a cash crop is, most forestation 
for local community development is presently primarily, or wholly, to meet subsistence 
needs. As has been noted earlier, most of this is being undertaken by individual 
farmers. Considerable attention is therefore being paid to enabling the participation 
of as wide a range of farmers as possible in such activities - and in cash crop foresta-
tion. At present, tree growing tends to be practised mainly by the larger and more pro-
sperous farmers. In Gujarat, for example, large though the number of trees planted 
is, so far only six percent of the state's farmers are involved. 
It is important to recognise in what form costs have to be borne by a small farmer, 
and that particular costs may weigh much more heavily in his economic calculations 
than in those of a forester or entrepreneur. Many of his costs and benefits take forms 
other than cash outlays and incomings. For example, prominent among his implicit 
calculations is usually consideration of risk; the need, when living at the margins of 
existence, to avoid any change which, though it might improve his situation if it func-
tions as expected, could leave him even worse off than he is now if it does not. An 
assessment of the options open to the farmer must therefore reflect these and other 
realities which shape his economic decisions, and not be confined simply to monetary 
assessments of cost and profitability. 
The very poor farmer, who has very little land and must devote it all to subsistence 
food crops, will have more difficulty than others in fitting in even useful, fast-growing 
multipurpose trees, and is likely to need special help. For the poorest, the price of 
planting stock, and the income foregone by spending time to plant and protect the 
seedlings, can be more than they can afford. To enable the poor to take part, partici-
patory tree growing programmes therefore widely provide seedlings free and meet or 
subsidise other cash costs. 
Among other economic constraints, one of the most commonly cited is the one 
discussed earlier in the paper, that of the relatively long production period of most 
tree species. Poor farmers can seldom divert resources from producing to meet im-
mediate needs for food and income to a tree product which will start producing returns 
at best a few years into the future. This underlies the priority given to choice of tree 
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species which provide benefits quickly. 
The problem of delayed returns associated with tree growing can also be overcome 
or reduced by subsidies or loans. However, credit for tree growing needs to be available 
on terms which are compatible with the timing and nature of the cash flows in and 
out of the project. For example, a recent evaluation of a smallholder tree-farming pro-
ject in the Philippines showed that the grace period and repayment terms had been 
consistent with the tree production period, but that the loan size and timing had not 
always matched the heavy expenditure the farmer incurred in harvesting the trees, and 
the credit procedures had discouraged the associated agricultural activities by requir-
ing the farming to take out separate loans for trees and crops (Hyman, 1983). 
The length of the production period imposes another economic constraint; it in-
creases the level of risk for those, such as tenant farmers or farmers practising shifting 
cultivation on state land, who do not have security of tenure of the land they cultivate. 
Few will invest in a long-term crop such as trees if they fear that they will not be present 
to harvest the returns in the future. This is a fundamental constraint to individuals 
planting trees, which may in some situations need changes in basic legislation affecting 
control of the land before it can be removed. 
Absence of legal ownership or tenurial rights may make it impossible for a farmer 
to obtain credit, further increasing the risk to him of tree growing. In such situations 
it may be possible to reduce other elements of risk, for example by increasing the 
assurance that there will be market outlets and a profitable price for the new products, 
by ensuring correct choice of species and products, training and extension in the skills 
necessary to achieve marketable qualities, access to markets, etc. 
The fact that planting occurs when farm labour is most in demand is frequently 
cited as a constraint to tree growing. In practice tree planting is usually on such a small 
scale that it is seldom difficult to accommodate. However, other tree related activities 
may encounter labour constraints. For example, the harvesting of the smallholder 
grown pulpwood in the Philippines often requires labour inputs in excess of what can 
be provided by the farm family, so that they have to hire additional help, which can 
impose financial difficulties (Hyman, 1983). 
Another constraint which people are widely believed to face is that of outdated at-
titudes, and of lack of necessary skills and experience. The tree gardens of Java and 
other densely populated plain areas in Asia have evolved over hundreds of years. 
However, over much of the Third World the availability of fuelwood and other tree 
products has moved from abundance to scarcity within present lifetimes. People con-
sequently have difficulty in adjusting to the need to apply the concepts of scarcity to 
tree products. Understandably they tend to continue to be thought of as a 'free good' 
after they no longer are so, with indiscriminate use persisting into periods of scarcity. 
Nevertheless perceptions and attitudes - and responses - have been found to 
change remarkably quickly. A study in an area of Western Kenya has recorded how, 
in an initially relatively well wooded area subject to growing deforestation, there was 
a transformation in attitudes in a period of little more than a decade from wood as 
an abundant, free good to a commodity of value, to be brought under control, pro-
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tected and perpetuated through planting. Deforestation in the area is reportedly now 
well on the way to being halted and reversed by local planting of trees and by protection 
of remaining trees (Brokensha et al., 1978 and 1983). 
The studies in Tanzania and Malawi referred to earlier have similarly disclosed high 
levels of local awareness of the consequences of deforestation, and the need for tree 
growing, in situations where shortages have emerged only recently. These studies have 
also made clear that people have a well developed understanding of how to grow trees; 
casting doubt on the usual focus of forestry extension, with its assumption that the 
main task is to provide such knowledge. 
Such experience is not confined to Eastern Africa. Responses in areas as widely 
apart as the hills of the Himalayas and the uplands of the Andean sierras show people 
spontaneously reacting to growing shortages in face of deforestation by planting trees 
on their own land. 
Nevertheless, in some areas where there has not been a tradition of tree husbandry 
in the past, an intensive effort of education and persuasion may be needed in order 
to create an awareness of what tree growing can contribute. In Gujarat, participatory 
tree growing began to take root only after strip plantations established along roadsides 
and canal banks by the forest service had provided visible proof that trees would grow 
locally and produce outputs useful to the people nearby. 
Providing government support 
Underlying nearly all participatory tree growing experiences there has been some 
measure of government promotion and support. This is not always all specifically 
directed at tree growing. The upsurge in tree growing in Kenya referred to earlier has 
been ascribed as much to the impact of land reform and rural development program-
mes as to the specific measures of awareness raising, seedling production and exten-
sion directed at tree growing (Brokensha et al., 1983). The very intensive and com-
prehensive package of government interventions created to support village afforesta-
tion in Korea - legislation, extension, subsidies, training, etc. - was similarly in-
serted within a general rural development programme, the Saemaul Undong self-help 
movement (Gregersen, 1982). 
Perhaps the most widespread need for support is that of provision of access to plant-
ing stock; creation of an infrastructure of nurseries to produce seedlings of suitable 
tree species. There are numerous instances of participatory tree growing taking root 
with no more stimulus than the creation locally of a nursery. Equally, relative proximi-
ty of a nursery, and of the technical advice available from nursery staff, have frequent-
ly been identified as a major of success or failure. 
However, provision of seedlings does not necessarily have to be dependent on 
government. Farmers have widely secured their needs by transplanting wild seedlings, 
or by collecting seed from existing trees. Nursery production of seedlings is also widely 
being taken over. In Korea all seedlings are produced either by entrepreneurs or 
cooperative groups. In Gujarat, by November 1982 nearly one-third of the 1837 
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nurseries were privately operated and another one-third were operated by schools. 
Schools have widely been a focus for such work in other countries. In East Africa in-
dividual farmers have started seedling production for sale to their neighbours. 
Community level forestation is likely to face lack of information about the most ap-
propriate species to grow and how best to grow them. Research is consequently 
another area where government support is particularly needed. The species that will 
best produce fuelwood are usually quite different from the species that will best pro-
duce timber or paper fibre. Trees that can be grown by a poor farmer or group of 
villagers will probably have quite different characteristics from trees grown in in-
dustrial plantations or state forests. Little of the research effort in forestry in the past 
has been oriented towards research for community forestry (World Bank/FAO, 1981). 
But there is now a concerted effort underway to strengthen such research, with the help 
of the major aid agencies concerned with forestry and rural energy. 
Most governments are also having to build up an extension capability in order to 
support forestry at the farm and village level, as the traditional role of forest services 
of managing forests on state land has not usually required forestry extension. An im-
pediment that often arises in doing so is that past forestry policies placed upon forest 
services a primarily protective role; that of preserving the forests from what was earlier 
considered to be misuse by the people. As a result, the function of the forester in the 
field has been partly that of a policeman. Understandably this has widely led to fric-
tion at the local level between forest services and the people, who see themselves being 
kept out of the forest in order that others may consume its produce. This makes it dif-
ficult for the forester now to be able to establish the rapport with the people which 
is necessary if he, or she, is to be an effective extension agent. 
In order to divide the policing role of government with respect to forests from its 
developmental role, many countries have created separate forest organizations, or 
separate branches of the latter, to handle community forestry. Others work through 
some form of intermediary organizations in order to keep developmental activities 
separate from policing functions. The village forestry cooperatives in Korea are a good 
example of such a bridge created between the forest service and the people in order 
to provide support to community forestry. Elsewhere religious groups, women's 
groups and various other forms of non-governmental organization have contributed 
to the process of linking local needs and aspirations with the support available from 
government services. These institutional aspects are discussed by Palin, this volume. 
Ultimately, however, what is usually needed is a change in the overall policy for 
forestry. Concern with meeting people's immediate needs for forest outputs cannot be 
confined to forestation for local community development. Eventually all forestry must 
have a social objective, with corresponding changes not only in the objectives of forest 
policy, and in the tools of policy such as forest legislation, but also in the training of 
the foresters called upon to implement that policy, and in the institutional machinery 
within which they work. 
Community forestry thus rests not only on the involvement and participation of 
local people, but on the readiness of governments to take a number of political deci-
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sions - and their ability to implement these decisions. As we have seen, community 
forestry may require fundamental changes in the sensitive area of land ownership and 
control. The success of community forestry in the middle hills in Nepal stems from 
a willingness by that government to turn over state land to groups of local people to 
manage as village forests. That in Korea rested on the government being prepared and 
able to legislate and enforce the setting aside of certain land for tree growing, and to 
empower village cooperatives to implement this radical new policy. 
Similarly, though community forestry seeks to mobilize the interests, energies and 
resources of the people behind tree growing, to bring this about may require heavy in-
vestment by government. An infrastructure of extension services and rural nurseries, 
the training or large numbers of additional people, and the subsidized provision of in-
puts, are unavoidably costly. Success in forestation for local community development 
thus usually requires political commitment to forestry of a high order. 
Conclusions 
Accumulation of experience with forestation for local community development is 
showing it to be more diverse, and often more complex, than was usually thought to 
be the case. The supply, and use, of trees and tree outputs are often part of complex 
local human and resource systems. At the same time, community level forestation in 
practice encompasses a whole range of quite different situations and activities, in 
which the factors influencing success or failure can vary quite widely. Generalizations 
concerning availability of land, length of production period and possession of relevant 
knowledge and skills as constraints to participatory tree growing are proving to apply 
only in some instances. A more precise, situation-specific approach to participatory 
tree growing is therefore needed. 
Some people are already cultivating trees and only need help in the form of the pro-
vision of planting stock of new species and the introduction of new uses and systems. 
Others who are cultivating trees but are limited by growing pressure on the land need 
help in raising the productivity of their systems. There are, however, many people who 
have relied on existing natural woodland or trees and have little or no experience in 
planting them. This is the situation which exists in many arid areas and may require 
a major effort of education, mobilization and support. 
Projects also need to reflect the clearer understanding that is emerging of the limits 
within which tree growing might be an activity which could contribute to local 
development. A variety of impediments limit the access of some people to land for 
tree growing; physical and economic factors prevent others from growing trees; and 
institutional restrictions exclude yet others from participation. However, in one or 
other of its different forms tree growing could benefit, and could be accessible to, 
many rural people. Moreover, not all the present impediments to participation are im-
mutable, and an important outcome of government intervention in support of local 
afforestation can be to widen access to its benefits. 
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Role of biomass energy in rural development: A case study of 
Bangladesh 
D. C. Faber and H.J.J. Stolwijk 
Centre for World Food Studies, Amsterdam, the Netherlands 
Summary 
The deteriorating economic condition in many developing countries is encouraging more in-
tensive use of biomass energy for fuel. This is leading to a competition with biomass for 
agricultural purposes and resulted in an integration of the energy sector with the whole 
agricultural system. Forestry and energy policies have to take account of this new development. 
In preparing problem-solving strategies, they have also to take account that natural resources 
are not uniformly distributed among socio-economic groups. A case-study of Bangladesh is 
presented which illustrates this situation. The two scenarios for improving fuelwood production 
by either improved tree cultivation in homesteads or by establishment of woodlots are given and 
compared for their suitability in increasing both fuel and agricultural production and in their 
income distribution effects. It is concluded that the first practice will benefit all socio-economic 
groups, but that high income groups will profit most. The second practice is not profitable with 
present relative prices of fuelwood and agricultural produce. 
Keywords: Agriculture/forestry relations, fuel plantations, farm woodlands, economic analysis, 
income distribution 
Résumé 
Le rôle de l'énergie de la biomasse dans le développement rural: Une étude concernant le 
Bangladesh 
Les mauvaises conditions économiques dans beaucoup de pays en développement ont en-
couragées l'emploi de l'énergie biomasse pour la production de combustible. Ceci a amené à une 
compétition de l'utilisation de la biomasse dans l'agriculture. Le résultat a été l'intégration du 
secteur énergie dans le total du système agricole. La politique de la foresterie et de l'énergie doit 
tenir compte de ce nouveau développement. En développant des stratégies pour résoudre les pro-
blèmes, il faut aussi se rendre compte que les ressources naturelles ne sont pas réparties égale-
ment entre tous les groupes socio-économiques. Dans une étude concernant le Bangladesh les 
effets de deux scénarios pour l'amélioration de la production du bois de chauffage, d'une part 
par l'amélioration de la culture d'arbres sur les terrains fermiers et d'autre part la création de 
parcelles plantées d'arbres sont expliqués. Ceci en comparaison avec leur utilité pour accroître 
la production des combustibles et la production agricole, ainsi que l'effet produit sur la réparti-
tion des revenus. Dans le premier cas, tous les groupes socio-économiques profiteront, mais les 
groupes qui ont les revenus les plus élevés en profiteront le plus. Le second cas n'amène pas de 
bénéfice, étant donné les prix relatifs du bois de chauffage et des produits agricoles. 
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Introduction 
At the United Nations Conference on New and Renewable Sources of Energy in 
Nairobi in 1981, it was stated that 'there is no alternative source of energy that could 
provide a viable substitute for fuel wood . . . within the next quarter century", and 
therefore the conference was requested to 'make known the dimension and nature of 
the energy needs that must be met by fuelwood and charcoal' (FAO, 1981). And also 
'that meeting rural energy requirements - within the context of integrated rural 
development programmes including agricultural production and transportation, 
small scale and rural industries, household requirements and socio-cultural aspects -
is of great urgency' (FAO, 1981). These statements give appropriate credit and con-
siderable weight to what is also known as 'the other energy crisis' in the developing 
countries. Of course, the price increases of commercial fuels over the past decade have 
harmed the oil-importing developing countries. Though most low-income countries 
have had relatively little contact with the world energy market and only a very small 
part of their rising energy demand is filled by commercial fossil fuels, the cost of im-
porting energy figures large in relation to total imports (43 % in 1980 for 34 low-income 
countries). 
The 'other energy crisis', or what may also be called the 'fuelwood crisis' or the 
'biomass crisis' differs from what is commonly referred to as 'the energy crisis'. Its 
origins are well-known: fast population growth in many countries has increased the 
pressure on the environment near or beyond the carrying capacity. As a result, tradi-
tional energy sources like fuelwood, manure and agricultural waste are being ex-
hausted, while production cannot keep pace with increasing needs. More than 80% 
of the world's wood production is used for fuel. 
High oil prices and stagnating economic development impede a transition to 
'modern' energy sources. Indeed, a direct effect of rising commercial fuel prices is the 
increasing demand for domestically produced biomass energy. Therefore, it may be ex-
pected that the demand for already scarce fuelwood will shift to other biomass types 
for energy purposes. 
The two major fuelwood substitutes are dung, and agricultural byproducts (e.g. 
straw, bagasse, bran). But increasing use of agricultural waste and dung means a 
decreasing use of this biomas's for other purposes. For instance, byproducts withdrawn 
as feedstuffs may limit the number of animals that can be maintained on farm en-
dangering the cultivation capacity of farms. Thus a shift in biomass use will in this 
instance lower agricultural production. 
Increasing use of dung as energy source is at the expense of use as organic fertilizer, 
and will decrease soil fertility, especially in the long term. Because of these long-term 
effects, trade-offs and priorities are clear. Any poor family prefers a well cooked meal 
in the short term to a more fertile soil in the long term. And as Keynes once said 'in 
the long run we are all dead' and that is certainly nothing most people in (both 
developed and) developing countries will worry about. This behaviour, however, 
threatens the agricultural production system. Increasing depletion of soil fertility will 
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ultimately result in a further impoverishment of already poor people. Non-oil densely 
populated countries will be caught in what Alamgir once defined as 'a below poverty 
equilibrium trap' (Alamgir, 1978) i.e. the existence of a society at a bare subsistence 
level with a necessarily decreasing population in the long run. 
So the fuel problem, especially in rural areas, can be understood only within the 
context of the total rural and agricultural economy. The fuel and agricultural systems 
are so closely related and interdependent that it is no exaggeration to speak of a food-
fuel-fertilizer-feed economy. Therefore, a fuel crisis will eventually become more and 
more an agricultural and food crisis. Because of these linkages, the fuel crisis has many 
(poorly discerned) aspects. Studying the role of fuelwood in overall planning is an ex-
ceedingly complicated and involved task. One needs to know not only the available 
techniques but also the institutional arrangements that indicate who controls the rele-
vant resources, who reaps the benefits and who bears the costs. A clear insight into 
these institutional arrangements is a prerequisite to evaluate the consequences of alter-
native courses of action for different participants (socio-economic groups) in the 
economy. 
In this study we hope to illustrate this argument by a case-study of the biomass-
energy problem in Bangladesh. Plantation establishment may be an unsatisfactory 
and insufficient answer to the energy problem for some of the most afflicted socio-
economic groups within the Bangladesh economy. Because of their very limited access 
to necessary land resources, they will immediately ask 'where?'. Our paper will present 
some results of a model study which has been prepared by the Centre for World Food 
Studies in cooperation with the Bangladesh Planning Commission. The study has not 
yet been finished and the results are tentative. 
The first section gives a concise description of the existing energy situation in 
Bangladesh, emphasizing the relation between energy and socio-economic class. For 
each class, demand and supply of biomass resources will be examined. The second sec-
tion outlines some characteristics of the model. For a more detailed description of the 
Bangladesh Food and Agriculture Model, the reader is referred to Centre for World 
Food Studies (1981). Within the framework of the model, two forestation scenarios 
will be analysed in the third section. The last section presents some concluding 
remarks. 
The Bangladesh energy situation 
This section draws heavily on the report of Kennes et al. (1983). Bangladesh provides 
one of the most interesting case studies of traditional energy, as the country's biomass 
resources are utilized to an extreme and possibly dangerous extent. 
The country has one of the highest population densities in the world - 617 people 
per square kilometre in 1979. About 90% of the population lives in rural areas; 81% 
of household energy consumption in rural areas is provided by biomass fuels like 
cowdung, straw, jute Stricks, twigs and wood. The combination of heavy dependence 
on biomass fuels and high population density puts immense strains on biomass pro-
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auction for food, fuels, building materials (dung, straw, sticks, mud, etc.) and to sus-
tain livestock on very little land. The present situation of Bangladesh is of interest to 
other developing countries with high population growth rates and with comparable 
population densities in the future. The prospective energy supply of Bangladesh itself, 
under conditions of further population growth, constitutes a formidable challenge, 
particularly when it comes to the distribution of available energy supplies for the in-
dividual household. 
The participants 
Scarcity of biomass reflects either a lack of resources to produce biomass (i.e. land) 
or lack of purchasing power. Land availability or purchasing power is mainly deter-
mined by the socio-economic position of the individual. An accurate description of 
the energy situation requires therefore a detailed socio-economic classification. In 
practice, the manageability of the analysis will limit the number of classes: any choice 
will be arbitrary. For the present purpose, the following nine classes are specified: 
1. Landless farm workers: they may possess some homestead land or own some 
animals, but the bulk of their income consists of wages for farm labour. 
2. Small farmers cultivating 0-0.6 ha, wages for farm labour are still an important 
source of income. 
3. Medium farmers cultivating 0.6-2 ha. 
4. Large farmers cultivating 2-4 ha. 
5. Very large farmers cultivating in excess of 4 ha. 
6. Rural informal non-farmers, including fishermen, small traders, handloom 
operators. 
7. Rural formal non-farmers, including industry workers, large traders, school 
teachers. 
8. Urban informal households, mostly engaged in low-skilled self-employment. 
9. Urban formal households, including government staff and employees in the 
modern sector (e.g. industry, banking, insurance). 
The distribution of the population and of households over these classes and some 
indication of their respective resources is provided in Table 1. It shows the skewed in-
come distribution and land ownership. Classes 1 and 2 taken together comprise 32% 
of the population but command only 13% per cent of the land resources and 24% of 
total incomes while at the other end of the spectrum the two largest farm classes -
4 and 5 - comprise 15% of the population, but own more than 44% of the land 
resource and earn 23% of total income. 
Importance of various fuels 
To analyse differences in energy consumption, seven classes of fuel have been 
distinguished: kerosene, dung, firewood, straw, jute sticks, bagasse and other 
agricultural byproducts (e.g. bran). 
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Fig. 1. Distribution among social classes of energy consumption of major fuels (GJ caput"x 
a"1). 
The differences in consumption by socio-economic class is graphically shown in 
Figure 1, where amounts of fuel have been expressed as energy. Almost 5.0 GJ per year 
(0.16 kW) is consumed per head. Compared with surrounding countries, this appears 
to be rather low: India 11.2 (1971), Thailand 12.0 (1970), Nepal 8.4 (1976) and Pakistan 
5.4 GJ/a (1978) (Cecelski et al., 1979). Minimum energy requirements, provided no 
space heating is needed, are estimated at 10 GJ/a (0.3 kW). 
There are considerable differences in the composition of energy consumption bet-
ween rural and urban areas. The urban formal class obtains 70% of its energy from 
wood and 15% from kerosene. 
Among the various rural income groups, the consumption pattern shows that 
roughly 45% of primary energy comes from agricultural byproducts (incl. straw, jute 
sticks and bagasse), 30% from wood and 20% from dung and 3% from kerosene. 
Departures from this general pattern are because of the distribution of land and cattle. 
Useful energy (Table 2) is obtained by multiplying primary energy by efficiency, 
which is defined as the estimated energy actually utilized in relation to the total com-
bustible energy of the fuel. Depending on the fuel class the efficiency factor varies 
from as low as 0.08 (straw, other agricultural byproducts), 0.10 (dung, bagasse), 0.12 
(firewood) and 0.15 (jute stick) to as high as 0.45 (kerosene). These figures suggest that 
useful energy consumption varies much less between different socio-economic classes 
than primary energy consumption. The averages for all classes fall in a narrow range 
around 0.5 GJ/a (0.16 kW). The apparent anomaly in Figure 1, suggesting lower urban 
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Table 2. Useful energy consumption by socio-economic class (GJ/a). GJ/a « 32 W. 
Per head Per household 
Landless farm worker 0.50 2.30 
Small farmers 0.58 3.13 
Medium farmers 0.64 4.22 
Large farmers 0.60 5.16 
Very large farmers 0.68 7.48 
Rural informal non-farmers 0.44 2.55 
Rural formal non-farmers 0.72 3.67 
Urban informal households 0.50 2.85 
Urban formal households 0.62 3.47 
than rural energy consumption, disappears. Urban consumption of useful energy may 
in fact be higher than shown here as the efficiencies and heat values for urban-used 
fuels may be higher: their quality may be better and better stoves may add to efficiency 
as well. This assumption seems justified for firewood as the traded portion, which goes 
to urban areas, is bound to be of better quality than the wood used by the rural poor, 
which includes twigs, leaves and roots. 
Balancing biomass resources by socio-economic class 
We constructed a biomass balance of energy commodities by socio-economic class. 
Such a balance indicates origins and end-uses of the energy commodities well as 
deficits and surpluses. Commercial fuel - because it is not of agricultural origin -
has been excluded from the balance. Ultimately, such a balance is a primary require-
ment for the analysis of different policy scenarios. 
Assuming that there is no significant export of biomass energy, the aggregate na-
tional balance can be written as follows (Table 3): 
production = consumption (as energy) + alternative uses + losses 
At the level of a socio-economic class, however, the balance equation must also in-
clude internal trade of biomass energy as some of the groups have surpluses or deficits 
for some types of biomass. Because of lack of accurate data, the net trade among 
social classes is derived as a balancing item. The results are shown in Tables 3 and 4. 
For a discussion and a justification of these data, see Kennes et al. (1983). 
The model 
The development of alternative energy strategies is extremely urgent in Bangladesh. 
Action on a broad front is needed. In view of the existing socio-economic structure, 
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a greater part of any immediate improvement will have to come from an expansion 
of biomass production and an increase in the efficiency of use of biomass fuels. 
Measurement and calculation of the various relationships of energy production and 
use, and an understanding of the production and distributional implications of 
various possible policies are prerequisites for a successful discussion of energy-related 
programmes and projects. 
We analysed two scenarios, using the results of a linear-programming model. This 
linear-programming model, which is part of an overall Bangladesh Food and Agricul-
ture policy model, (Centre for World Food Studies, 1981) generates planned supply of 
agricultural and non-agricultural commodities and factor rental by socio-economic 
group. It maximizes income by socio-economic group from commodity sales and fac-
tor rental at prices that clear the intra-village markets. 
By imposing frictional costs of intra-village exchange and by differentiating bet-
ween marketing costs of different income groups, the dependences within the village, 
such as patron-client relationships are represented. Because the formal and the infor-
mal non-agricultural income-groups are also included within the linear programme, 
the interconnection between production of agricultural inputs, agricultural produc-
tion and processing of agricultural output are accounted for. 
The size of the model is about 900 rows by 2000 columns. It can be considered as 
a quantitative description of the agricultural system in the broadest sense, i.e. not only 
the crop sector but also the livestock sector, the biomass subsystem, the non-agricul-
tural sector, consumption behaviour, investment behaviour and the institutional setting. 
Alternatives analyzed 
Figure 1 shows that energy consumption is very low. In terms of composition of dif-
ferent energy sources, the urban formal class derived up to 70% of total energy from 
wood, while the rural income groups derived roughly only 30% of total primary 
energy from wood and 45 per cent from agricultural residues, and 20% from dung. 
Such a situation may be regarded as a static situation or 'benchmark'. Against such 
a benchmark, two alterntive scenarious are defined that can each be used to analyse 
the effects of changes in the biomass situation on income, production, and composi-
tion of biomass resources. 
Scenario A: Increased efficiency of homestead wood production 
In Bangladesh, each dwelling or group of dwellings is surrounded by trees of various 
species, including fruit and palm trees, and clumps of bamboo. In addition to the tree, 
shrub and vegetation cover on the homestead, scattered trees are found in open fields 
as landmarks or windbreaks, and along woodsides. In Bangladesh about 75% of ac-
tual fuelwood used originates from these resources. Collection of fuelwood from these 
areas takes place in a usually uncontrolled manner with no regard for maintenance 
of a maximum but sustainable yield. In this scenario, the assumption has been made 
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that new and fast-growing trees are introduced on the homestead under improved and 
guided management practices, resulting in a doubling of the current yield. 
Scenario B: Substitution of woodland f or cropland 
If we assume that a major part of biomass energy must again come from fuelwood 
in order to return the dung and crop residues to the land, farm households are given 
an additional option to transform (marginal) cropland into woodland with fast-
growing trees. Dependent on actual yields of fuelwood and food or fiber crops and 
on the relative prices, farm households may pursue either alternative. 
Results and discussion 
Scenario A 
Under the assumption of a doubling of the homestead fuelwood production, the 
model facilitates the analysis of the effects of a 100% increase in the fuelwood supply 
from the homestead on income, production and resource utilization. In particular, this 
analysis will focus on the distributional effects of such a policy. Doubling fuelwood 
output from the homestead has a net positive effect on household income. Total 
household income increases by 1488.3 million taka (24.7 Tk = US $ 1). Income per 
head would increase by 20.3 Tk or 1.56%. This increase in income originates from two 
effects: (1) substitution of fuelwood for kerosene; (2) increase in production of food 
and fibre crops and livestock products. Because of the increased fuelwood supply, the 
equivalent of 270.6 million taka of kerosene is substituted for fuelwood, which 
amounts to 17% of actual kerosene consumption. Substitution for kerosene is 
somewhat limited, however, because most of the kerosene is used for lighting and not 
for cooking. 
Another positive income effect is derived from increased agricultural production, 
caused by a larger amount of dung and residues being allocated to fertilizer and feed 
instead of to fuel. This reallocation causes an increase in yields of crops and livestock 
products. Most of the rise in net income comes from an increase in paddy yields. Addi-
tional paddy production generates an increase in income of 971 million Tk, and in-
creases in other crops and related products add another 246.7 million Tk. An impor-
tant criterion in such analysis, however, is if all socio-economic groups benefit to the 
same extent. 
The distributional effects are not evenly spread (Table 5). They could not be, as the 
landless labourers have a much smaller homeyard and more limited options for 
substitution. Thus the enequal distribution of land finds its logical consequence in an 
unequal income effect. The landless labourers earn an extra 10 Tk per head and the 
very large farmers an extra 40 Tk per head. Because of the unequal ownership and 
resource pattern, the large farmers harvests more than four times as much fuelwood 
as the landless labourers. Another effect is that the large, and very large farmers can 
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sell less biomass to other socio-economic groups and they require more labour for 
harvesting of crops, and for cutting and gathering wood. Such labour is largely hired 
from the landless, the small farmers and the rural informal classes. This income earn-
ing effect favourable influences the income distribution among the classes, but by no 
means improves the existing income distribution. The rural poor would be relatively 
worse off because of an increased fuelwood supply even though the overall effect on 
income and production are positive. 
Scenario B 
Scenario B assumes that farmers may opt for cultivating fast-growing trees for fuel 
by substituting woodland for cropland. Assuming an annual wood yield of 15 t/ha (21 
m3/ha) as output, and 1 ha of land and 700 hours of labour as input, the farmer will, 
given the choice, not reallocate resources from agricultural production (paddy) to 
wood production. Hence, no fuelwood will be produced on cultivated land. The result 
is not surprising and can be easily explained. Assuming an energy content of 15 
MJ/kg and an energy efficiency of 0.12 utilizable energy production from land is 27 GJ 
ha - 1 a - 1 (86 kW/m2). The cost of utilizable energy from kerosene is estimated at 
Tk 0.54/GJ. Gross output of woodland is then Tk 1458/ha. The criterion is then 
whether paddy (as an alternative) could produce in net value terms at least as much. 
In fact, 1 ha of a low-yielding local paddy variety yields 1200 kg/ha. If paddy is valued 
at Tk 1.6/kg, gross revenue amounts to Tk 1920/ha, exclusive of the value of 1500 kg 
of straw. The straw can be used either for fuel or animal feed. Moreover, for the 8-9 
months that the paddy land lies fallow, some grass production would take place. By 
costing both straw and grass, and adding to the paddy revenue, wood yield must at least 
double that of paddy to become an attractive alternative. 
Conclusions 
The rural energy situation has become a serious problem in many developing coun-
tries. Deteriorating economic conditions over the last decades have progressively en-
couraged more intenstive use of biomass energy for fuel or alternatively less use of 
biomass for agricultural purposes. This competition for the same resources integrates 
the energy sector with the whole agricultural system. Because natural resources are not 
uniformly distributed among the rural population, relative scarcity of biomass differs 
between socio-economic groups. Forestry and energy policies have to take this into ac-
count. Although the introduction of better cultivation practices in homestead 
fuelwood production benefits all socio-economic groups, the benefits are enjoyed 
more by the rich than by the poor because of the skewed distribution of ownership 
and control of resources towards the high incomes (Scenario A). 
Given the existing technological and economic conditions, it is not profitable to 
reallocate land to woodland (Scenario B). Note, however, that changing relative prices 
or a yield increase of fuelwood may alter the results. But even if that were to happen, 
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one may expect uneven distribution. It is therefore not sufficient only to examine ways 
of increasing forest and wood production as such. Indeed, by advocating such measures 
silviculturists, agronomists and economists must together analyse the effects of in-
creased afforestation and tree planting. The environmental, agronomical and socio-
economic effects of such policies are by no means straightforward. 
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Trends and patterns in forest products consumption and their 
implications for forest plantation policies 
T.J. Peck 
Timber Section, FAO/ECE Agriculture and Timber Division, Geneva, Switzerland 
Summary 
Man-made plantations play, as yet, only a minor role worldwide as wood suppliers, but that 
situation will change as their area increases and supplies from virgin forests become depleted. 
Marked differences exist, especially between developed and developing countries, in the pattern 
and level of forest products consumption. The most marked is the predominance of fuelwood 
in developing regions and its much lower importance, relative to industrial wood products, in 
the developed ones. Plantations are capable of furnishing large quantities of woodsuitable for 
mass-produced and utility products; but by and large not for high-quality products. Research 
and development on processing and utilization technology could partly overcome this disadvan-
tage. Nonetheless, plantation policy could be aimed not only at high volume production but also 
towards producing a certain proportion of more valuable species and qualities. Furthermore, 
given uncertainties about long-term trends in consumption, both as regards volume and product 
pattern, plantation policies should aim at raising crops that are both adaptable during their 
growth, e.g. through thinning regimes, brashing or rotation lengths, and versatile as a raw 
material to meet unforeseen shifts in demand. Energy developments are one of several unpredic-
table factors that could alter future wood consumption patterns. 
Keywords: Utilization of forest resources, wood supply and demand, forest policy 
Résumé 
Perspectives et modes de la consumption de produits forestières et implications pour les politi-
ques en matière de plantations forestières 
Les plantations artificielles ne jouent encore qu'un rôle mineur dans le monde pour l'approvi-
sionnement du bois, mais cette situation changera à mesure qu'elles s'étendront et que les 
réserves des forêts vierges commenceront à s'épuiser. Il y a des différences sensibles, surtout en-
tre les pays industrialisés et les pays en voie de développement, dans le mode et le niveau de con-
sommation des produits forestiers. La plus évidente est la prédominance du bois de chauffage, 
dans les régions en voie de développement et la faible importance, par rapport aux produits in-
dustriels du bois, qu'on lui accorde dans les régions industrialisées. Les plantations peuvent 
fournir de grandes quantités de bois convenant à des produits fabriqués en série, mais en général 
pas à des produits de haute qualité. La recherche et le développement sur la technologie du traite-
ment de la matière première et son utilisation pourraient partiellement pallier cet inconvénient. 
Néanmoins, la politique en matière de plantations devrait non seulement avoir pour but un 
volume important de production mais réserver aussi une certaine part à la production d'essences 
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de meilleure qualité. En outre, étant donné l'incertitude qui pèse sur les perspectives à long terme 
de la consommation, tant à l'égard du volume qu'au type de produit, la politique en matière 
de plantations devrait se préoccuper d'augmenter les cultures qui peuvent, pendant la 
croissance, s'adapter par exemple à diverses méthodes d'éclaircies, à l'élaguage, à la durée de 
révolution, ou bien servir de matière première pour répondre à des changements inattendus de 
la demande. Les faits nouveaux qui peuvent surgir dans le domaine de l'énergie sont un des 
facteurs imprévisibles qui risquent à l'avenir de modifier le schéma de la consommation du bois. 
Introduction 
The purpose of this paper is to examine trends and patterns in the consumption of 
forest products; and to relate these to wood raw material supply. This will lead to a 
consideration of the role which man-made forests could and should play in meeting 
boh the quantitative and qualitative demand for wood and its products. 
The products of forestry, defined in the broadest way, are composed of wood and 
other tangible products (resin, fruits, seeds, medicines, mushrooms, honey - the list 
is very long) and less tangible social and environmental services (recreation, en-
vironmental protection, nature conservancy, wildlife and hunting, water regulation, 
grazing). Plantations may be established for a number of different reasons, but pro-
bably the two most common are wood production and soil protection. In this paper 
we shall be considering only the former. It should not be forgotten, however, that the 
importance of the non-wood functions of the forest is steadily increasing, in both 
relative and absolute terms, and in some areas outweighs the wood-producing role. 
Man-made forests can be very valuable in such cases, not usually in providing these 
non-wood functions, but by taking over to a greater or lesser extent the role of existing 
forests as wood suppliers and thereby relieving the pressure on them. 
Sources of wood 
While this paper is concerned with the demand side of the supply/demand balance, 
a brief word should be said about the main sources, both natural and man-made. Con-
sumption patterns and levels of forest products are partly determined by the extent and 
quality of the source of supply, and changes in the latter will influence the former. 
Grossly oversimplifying an exceedingly complex resource, it could be said that the 
world's forests fall into three main categories so far as their capability to supply wood 
is concerned: 
1. Natural or virgin forests. Extensive areas of such forests still exist in the tropics 
- the tropical hardwood belt - and parts of North America and the USSR - the 
northern coniferous belt. The feature of these forests is that, so far as the quality of 
their supply is concerned, they are probably a non-renewable resource, at least with 
the present state of silvicultural knowledge and level of management. They have been 
the source of, amongst other things, high-quality timbers, e.g. close-grained soft-
woods from the northern coniferous belt, 'clears' and large-diameter logs for plywood 
from the Pacific North-West, decorative hardwoods from the tropics. Availability and 
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accessibility are declining over the long term, with implications for costs and prices. 
This has already been seen, for example, for Douglas fir (Pseudotsuga menziesiï) in 
North America, unsorted quality redwood (Pinus sylvestris) in Scandinavia, and a 
number of the more commercially popular species of tropical hardwoods, including 
teak (Tectona grandis), mahogany (Swietenia and Khaya spp.) and sipo (Entandro-
phragma utile). 
2. Managed forests. This is the type of forest that exists over virtually the whole 
of Europe and Japan, significant areas of North America and increasing areas in the 
rest of the world. To a greater or lesser extent, man has interfered with or adapted the 
natural forest, usually by cutting and subsequent regeneration - natural or artificial 
- and has applied silvicultural practices, such as thinning, drainage and the planting 
of native or exotic species considered likely to produce the best economic crop. The 
quantity of wood harvestable per hectare from such forests may be high, but these 
yields may be to some extent at the expense of quality. 
3. Man-made plantations. In this context, these are the plantations established on 
previously non-forested land, such as grassland, abandoned agricultural land, etc. 
They are also plantations on previously forested land, but the species composition of 
which is totally different, e.g. tropical pines in place of mixed tropical hardwoods. A 
frequent aspect of such forests is that they are monocultures - extensive areas of one 
species, often with rapid growth rates, such as the tropical and sub-tropical pines and 
eucalyptus, or in temperate zones, Sitka spruce (Picea sitchensis) Douglas fir (Pseudo-
tsuga menziesiï) and poplar (Populus spp.). Generally, these forests are created to pro-
vide wood and fibre in quantity rather than quality. In addition the forest resource may 
be considered to include trees outside the forest too. 
Because the three categories of forest are not clearly distinguishable, it is difficult 
to estimate their relative importance. However, it can be said that the third category, 
man-made plantations, still accounts for a negligible proportion. The area of in-
dustrial man-made plantations covers perhaps 40-60 million hectares or 1-1 Vi % of the 
total world forest area of about 4 000 million hectares. The rest may be roughly divid-
ed 70 to 30 or 2 800 to 1 150 million hectares between 'natural' forest and 'managed' 
forest. The proportion of managed forest is considerably higher in the developed 
regions - 40-45% - than in the developing regions - around 15%. 
No degree of accuracy can be placed on the above estimates, but if they are no wildly 
wrong, they suggest that less than one-third of the world's forests are under regular 
management, while a still very small but increasing proportion, can be classified as 
intensively managed plantations. The latter's role as potential suppliers of wood raw 
material is out of proportion to their modest area. 
The situation today, then, is a declining area of non-renewable forest on which we 
depend for much of the higher quality wood needed for furniture, joinery and other 
uses demanding species with decorative or other special properties; an area, probably 
stable, of managed forest producing a wide range of wood qualities; and a still small 
but increasing area of plantation forests, producing mainly lower quality wood and 
fibre. 
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How well does this changing supply pattern correspond with present and prospec-
tive consumption, in terms of both quantity and quality? 
Consumption of forest products 
To simplify the task of analysis, the wide range of wood products needs to be 
categorized. For the products entering final consumption, the following groups are 
normally distinguished: 
- sawnwood (sawn softwood, sawn hardwood, sleepers); 
- wood-based panels (plywood, particle board, fibreboard, veneer sheets); 
- paper and paperboard (newsprint, other printing and writing papers, wrapping 
and packaging paper and paperboard, household tissues, other paper and 
paperboard); 
- dissolving pulp (for textiles, tyre cord, explosives, other uses); 
- industrial wood used in the round (poles, piling, posts, pitprops); 
- fuelwood. 
Table 1 and Figure 1 show the world consumption of these product groups in 1980, 
sub-divided into developed and developing regions. The developed regions are North 
America, Europe, USSR, Japan, Australia, New Zealand and South Africa; the 
developing regions, the rest of the world. There is a striking contrast in the pattern of 
consumption between these two main 'Blocs', which are themselves averages of an even 
wider range of consumption patterns in individual countries. As a generalization, 
however, it may be noted that the approximately 74% of the world population in the 
developing regions in 1980 used only: 
20% of total sawnwood, 
12% of total wood-based panels, 
16% of total paper and paperboard, 
but: 86% of total fuelwood 
and: 53% of forest products in total (industrial wood and fuelwood combined) con-
verted into cubic metres, equivalent volume of wood in the rough (m3 EQ)1. 
The product patterns and level of a country's consumption of forest products are 
functions of numerous factors, including: 
- standards of living, 
- population density and distribution between rural and urban areas, 
- climate, 
- local availability of wood and of wood-processing capacity, 
- traditions and culture, 
- marketing ability of the forest products sector, 
1. The term m3 EQ signifies the volume of wood in the rough (or roundwood) which would 
have to be removed from the forest if no industrial wood residues or waste paper were used in 
the manufacture of such products as paper, paperboard, particle board and fibreboard. 
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Table 1. World consumption of forest products in 1980 by product and main economic region. 
The term m3 EQ is explained in footnote 1. Derived form FAO Yearbook of Forest Products, 
1981. 
Fuelwood 
Pitprops 
Other wood in unprocessed form 
Sawn softwood 
Sawn hardwood 
Sleepers 
Plywood 
Veneer sheets 
Particle board 
Fibreboard 
Dissolving pulp 
Newsprint 
Printing and writing paper 
Other paper and paperboard 
Total forest products 
Consumption units 
( x 106 
world3 
1718.0 
33.2 
111.6 
320.3 
111.4 
4.2 
38.4 
5.0 
41.7 
15.8 
4.4 
26.7 
41.9 
105.1 
m3) 
devel-
oped 
regions3 
233.2 
19.2 
51.3 
284.5 
63.0 
2.6 
32.6 
3.4 
39.0 
14.0 
4.0 
22.3 
34.6 
89.1 
devel-
oping 
regions3 
1484.8 
14.0 
60.3 
35.8 
48.4 
1.6 
5.8 
1.6 
2.7 
1.8 
0.4 
4.4 
7.3 
16.0 
Wood in the rough 
(x 106 
world 
1718.0 
33.2 
111.6 
560.5 
194.9 
7.4 
87.5 
9.3 
59.7 
28.8 
24.0 
74.7 
146.6 
367.6 
3423.8 
m3 EQ) 
devel-
oped 
regions 
233.2 
19.2 
51.3 
497.9 
110.2 
4.6 
74.3 
6.3 
55.8 
25 .9 
21.8 
62.4 
121.0 
311.5 
1595.0 
devel-
oping 
regions 
1484.8 
14.0 
60.3 
62.6 
84.7 
2.8 
13.2 
3.0 
3.9 
3.3 
2.2 
12.3 
25.6 
56.1 
1828.8 
a. Dissolving pulp, newsprint, printing and writing paper, and other paper and paperboard 
not in m3 but in tonnes. 
- levels of literacy, 
- availability and relative cost of competing materials. 
Of these, the most important as an influence on the product pattern is the standard 
of living. This is because as living standards rise, a marked shift takes place away from 
the use of wood in unprocessed form, notably fuel, and towards the use of industrial 
wood products. Climate is a significant factor in determining the amount of heat in-
sulation needed in construction - a positive factor in wood use. Local availability of 
wood - the extent to which the country is forested - is also linked with traditions 
in using wood and often but by no means always, with the extent of local wood-
processing capacity and marketing expertise. Generally speaking, the forest-rich coun-
tries are not only net exporters of forest products but also have a higher per caput con-
sumption for a given level of per caput Gross National Product (GNP) than forest-
poor countries and net importers. 
Climate and tradition are two of the reasons why countries at similar levels of 
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Fig. 1. Developed and developing regions' shares of world consumption of forest products in 
1980. 
economic and industrial development may have very different levels of per caput con-
sumption. To take two extremes, wood is the preferred construction material in many 
cold-climate countries. In a number of tropical countries, however, it is rejected ap-
parently more for sociological reasons than any other; in others even some where it 
is abundantly available, it is considered too expensive to use for building. 
From the technical point of view, practically any tree species can today be used to 
produce any kind of forest product. From an economic point of view, of course, such 
a lack of discrimination in the use of wood raw material would be highly wasteful, 
and a certain allocation of species towards given products and end-uses has occurred. 
Thus, the generally lighter, long-fibred, more easily worked coniferous (softwood) 
species have been preferred for general utility purposes - construction, paper-
making; the generally more dense, short-fibred non-coniferous (hardwood, broadleav-
ed) species for the more decorative purposes - furniture, joinery, boat-building - but 
also as fuelwood. Nevertheless, the fact that pine (coniferous) is currently in strong 
demand for furniture; that poplar (non-coniferous) is a valued species for utility 
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plywood and packaging; and that birch and eucalyptus (short-fibre) make high quality 
pulps demonstrates that distinctions between coniferous and non-coniferous can be 
arbitrary and misleading. 
Two groups of forest products are dependent uniquely on the forest resource as a 
source of raw material: 
- products of sawlogs and veneer logs, i.e. sawnwood, sleepers, plywood and veneer 
sheets; 
- wood used in unprocessed form, i.e. fuelwood2 as well as pitprops, poles, posts, etc. 
The third group, which comprises woodpulp (and its main dérivâtes, paper and 
paperboard), particle board and fibreboard, obtains its raw material both from the 
forest as round or split pulpwood as well as green chips, or in the form of wood residues 
from other wood-processing industries, notably sawmilling and plywood-making. 
Certain assortments of paper and paperboard are also made, in whole or in part, from 
recycled waste paper. 
The above facts are well-known, but their significance may sometimes be overlook-
ed in assessing the requirement of wood raw material from the forest, when consump-
tion of forest products is taken as a basis for the calculation. This may be seen from 
Table 2, which shows for the main regions of the world three main wood assortments, 
firstly, as a percentage of total consumption expressed in cubic metres, équivalent 
volume of wood in the rough (m3 EQ); and secondly, as a percentage of removals ex-
pressed in cubic metres of roundwood. Figure 2 shows in the form of a triangular 
percentage chart the distribution of consumption between the three main categories 
of wood raw material in the different regions. 
It will be observed from Table 2 that the percentage of sawlogs and veneer logs in 
removals is higher than that in consumption in nearly all regions, the main reason for 
which was given above. For some regions, including North America and 'Other 
Asia/Far East', a secondary reason is the substantial volume of sawlogs and veneer 
logs and their products which is exported. In only two regions, the main components 
of which are Japan and the forest-poor countries of the Near East, is the percentage 
of sawlogs and veneer logs consumed higher than removed from the forest. 
The importance of the different sources of supply of raw materials as components 
in final consumption of forest products varies according to the situation in individual 
countries, but Europe may be given as an example of an industrialized region. The 
figures, taken from 'European Timber Trends and Prospects, 1950 to 2000' (ETTS III) 
(FAO/ECE, 1976) are not recent, but illustrate the point adequately (Table 3). 
In 1970, 30% of Europe's domestic supplies of wood raw material for the pulpwood-
using industries and other uses of industrial roundwood other than sawlogs and 
veneer logs was supplied by industrial wood residues and waste paper. ETTS III 
forecast that between 1970 and 2000, this percentage could rise to reach 45-50%. The 
share of wood removed from the European forest would decline correspondingly even 
2. As distinct from the broader category of wood for energy purposes, which includes in-
dustrial wood residues and pulping liquors used for the generation of heat and power. 
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Table 2. Share, as percent of total, of main assortment in total consumption and removals of 
forest products, by region, in 1980. 
World 
Developed regions 
North America 
Western Europe 
Eastern Europe 
USSR 
Australia, New Zealand 
Japan, S. Africa 
Developing regions 
Africa 
Near East 
China and other Asian CPEsc 
Other Asian/Far East 
Latin America 
Sawlogs and 
veneer 
con-
sump-
tion3 
25 
43 
38 
39 
41 
52 
47 
54 
9 
4 
16 
12 
7 
13 
logs 
removals 
29 
53 
53 
48 
46 
59 
53 
48 
12 
5 
8 
13 
13 
16 
Other industrial 
wood 
con-
sump-
tion3 
25 
42 
46 
51 
45 
23 
48 
42 
10 
5 
15 
19 
6 
11 
removalsb 
17 
30 
31 
37 
37 
19 
43 
37. 
6 
5 
10 
11 
2 
9 
Fuelwood 
con-
sump-
tion3 
50 
15 
16 
10 
14 
25 
5 
4 
81 
91 
69 
69 
87 
76 
removals 
54 
17 
16 
15 
17 
22 
4 
15 
82 
90 
82 
76 
85 
75 
a. Percentage of volume expressed in cubic metres, equivalent volume of wood in the rough 
(m3 EQ). For sawlogs and veneer logs and other industrial wood, consumption is of the pro-
ducts derived from them, sawnwood, plywood, particle board, paper, etc. 
b. Percentage of roundwood volume in m3. 
c. Centrally planned economies. 
though there would have to be a considerable expansion in the volume of removals in 
absolute terms. 
The point is that, especially in the case of the products of small-sized industrial 
roundwood (or pulpwood), a distinction has to be made between the total volume of 
wood raw material needed to produce these products and the volume that will actually 
have to be drawn from the forest. Put another way, part of the wood raw material re-
quirements for these products can be and are taken from the forest in the form of 
sawlogs and veneer logs and transferred from the primary processing industries as 
wood residues. 
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Fig. 2. Triangular percentage chart of apparent consumption of forest products in 1980. 
Table 3. Sources of supply (million m3 EQ) for Europe's consumption of forest products in 
1970. 
Source of supply Products of 
sawlogs and 
veneer logs3 
Other indus-
trial wood 
and its 
products 
Fuelwood Total forest 
products 
Domestic sources 
European removals 144 (85%) 125 (64%) 68 (100%) 337 (78%) 
Transfer of industrial residues - ( - ) 28 (14%) - ( - ) 28 (6'/2%) 
Recycling of waste paper - ( - ) 25 (13%) - ( - ) 25 (5>/2%) 
Total 
Net imports 
Total 
144 (85%) 178 (91%) 68 (100%) 390 (90%) 
26 (15%) 18 (9%) - ( - ) 44 (10%) 
170 (100%) 196 (100%) 68 (100%) 434 (100%) 
a. Sawnwood, plywood and veneer sheets. 
b. Paper, paperboard, dissolving pulp, particle board, fibreboard, pitprops, poles, piling, 
posts. 
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Levels of consumption 
The term 'levels' in this context means the quantity of forest products used per in-
habitant. Table 4 gives these data for 1980 for the main regions and countries of the 
world for two broad categories of product: fuelwood; and the main processed pro-
ducts contained and expressed in equivalent volume of wood in the rough (sawnwood, 
wood-based panels, paper and paperboard). 
Per caput consumption of the main forest products in total in each of the developed 
regions was considerably higher than the world average and, with the exception of 
Latin America and Africa, lower in the developing regions. That levels in Latin 
America and Africa were above the world average was entirely due to their high per 
caput of fuelwood, which was more than twice the world average. On the other hand, 
per caput consumption of industrial wood products in the developing countries was 
on average only one quarter of the world average, while it was three times the world 
average in the developed regions. 
Two points can be made about these comparisons: 
- Very considerable variations exist in per caput consumption levels between regions, 
and even between countries in the same region. Great care has to be taken, therefore, 
Table 4. Per caput consumption of the main forest products in 1980, by region. (Source: Hum-
mel, 1984). 
World 
Developed regions 
North America 
Europe 
USSR 
Japan 
Australia/New Zealand 
Developing regions 
Africa 
Near East 
China 
Other Asia/Pacific 
Latin America 
Consumptio n per caput 
(m3 EQ/1000 capita) 
main 
processed 
products3 
329 
1098 
1888 
840 
801 
1344 
1136 
79 
43 
106 
71 
54 
231 
fuel-
wood 
370 
141 
107 
105 
293 
6 
80 
452 
904 
287 
157 
448 
787 
total 
699 
1239 
1995 
949 
1094 
1350 
1216 
531 
947 
393 
228 
502 
1018 
Consumption per caput 
relative to world average 
(Index: world = 100) 
main 
processed 
products3 
100 
334 
574 
255 
243 
409 
345 
24 
13 
32 
22 
16 
70 
fuel-
wood 
100 
38 
29 
28 
79 
2 
22 
122 
244 
78 
42 
121 
213 
total 
100 
177 
285 
135 
157 
193 
174 
76 
135 
56 
33 
72 
146 
a. Sawnwood, wood-based panels, paper and paperboard. 
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in using country comparisons as a basis for estimating potential demand at the na-
tional level. 
- Nevertheless, the low per caput level of consumption of industrial wood products 
in developing regions does indicate a tremendous latent demand. It would be quite 
unrealistic to suppose, however, that per caput consumption in these regions on 
•j 
average could rise in the foreseeable future even to the present world average. There 
are certain basic factors, on both the demand and supply sides that were touched on 
earlier, which would prevent such a huge growth in consumption taking place. 
Trends in consumption 
Having said that, it is noteworthy that 445 million m3 EQ or 83% out of the total 
world increase in consumption of forest products between 1970 and 1980 of 535 
million m3 EQ took place in the developing regions (Table 5). The major element in 
the increase in these regions was fuelwood (+ 305 million m3 over the decade), but 
it is significant that the increase in their use of industrial wood products was not only 
at a much higher rate than in the developed regions (60% compared with 9%), but 
the volume increase was also higher (+ 140 million m3 EQ compared with 115 million 
m3 EQ). 
These trends are reflected in removals, which are shown in Figure 3. The striking 
feature is the steady, exponential growth of fuelwood in developing regions. A second 
feature is the reversal of the previously downward trend of fuelwood removals in the 
developed regions, which followed the first oil-price shock of 1973/74. Removals of 
industrial wood in the developed regions has shown no clear upward or downward 
trend since the mid-1970's; in the developing countries they were upward until a set-
back in 1981 which should be only temporary. 
Particularly for the developed regions, the 1970's was a period of larger cyclical fluc-
tuations in consumption of forest products than experienced in the two previous 
decades, with a major recession in the mid-1970's followed by a second one at the end 
of the decade. As Figure 4 shows, this created a 'M-shaped' curve, which was especially 
apparent for sawnwood, consumption of which in the developed regions was lower at 
the end of the 1970's than at the beginning. The relative performance of consumption 
of the three main industrial forest products groups in the developed and developing 
regions is shown in Figure 5. For each group, the growth rate was appreciably stronger 
as well as more consistent in the developing regions. 
Long-term outlook for consumption of forest products 
Before attempting to draw conclusions from the preceding sections as to ap-
propriate policies for forestry, and more specifically for afforestation and reforesta-
tion, it is necessary to accept certain assumptions, however imprecise, about the pro-
spects for consumption of forest products in the long term. Quite a number of coun-
tries have undertaken such studies at the national level. FAO and other agencies have 
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Table 5. World consumption (in million units) of forest products in 1970 and 1980. (Source 
Hummel, 1984). 
Consumption 
Sawnwood (m3) 
Wood-based panels (m3) 
Paper & paperboard (tonne) 
Dissolving pulp (tonne) 
Industrial wood used 
in the round3 (m3) 
Total industrial wood (m3 EQ) 
Fuelwood (m3) 
Total (m3 EQ) 
Change 1970 to 1980 
Sawnwood (m3) 
Wood-based panels (m3) 
Paper & paperboard (tonne) 
Dissolving pulp (tonne) 
Industrial wood used 
in the round3 (m3) 
Total industrial wood (m3 EQ) 
Fuelwood (m3) 
Total (m3 EQ) 
World 
1970 
413 
70 
128 
5 
140 
1450 
1360 
2810 
+ 23 
1980 
436 
101 
170 
5 
148 
1705 
1640 
3345 
(6%) 
+ 31 (44%) 
+ 42 (33%) 
+ 8 (6%) 
+ 255(18%) 
+ 280(21%) 
+ 535 (19%) 
Developed 
regions 
1970 
361 
66 
114 
4 
83 
1245 
190 
1435 
- 10 
1980 
351 
89 
143 
4 
74 
1360 
165 
1525 
(3%) 
+ 23 (35%) 
+ 29(25%) 
- 9(11%) 
+ 115 (9%) 
- 25 (13%) 
+ 90 (6%) 
Developing 
regions 
1970 
52 
4 
14 
1 
57 
205 
1170 
1375 
+ 33 
+ 8 
+ 13 
+ 17 
+ 140 
+ 305 
+ 445 
1980 
85 
12 
27 
1 
74 
345 
1475 
1820 
(63%) 
(200%) 
(93%) 
(30%) 
(68%) 
(26%) 
(32%) 
a. Pitprops, poles, piling, posts, etc. 
prepared regional and global studies. It has to be stated frankly, however, that while 
the need for such exercises is greater than ever, the problems of arriving at a set of 
forecasts which have an acceptable degree of reliability have escalated over the past 
decade. Not only is it necessary to offer a range of scenarios to cover the possibilities 
of future growth of population and economic activity, but the relationship between 
the changes in these parameters and in the consumption of forest products may also 
no longer conform in the future to past experience. 
This could imply that the adoption and carrying out of a policy for a resource with 
such a long timelag as forestry involves an act of faith which is unacceptable by most 
rational investment criteria. Forestry has very often been at an apparent disadvantage, 
when such criteria have been applied on a direct cost/benefit basic, but nonetheless 
has found increasing support because of the recognition of the importance of benefits 
of a social or environmental nature that are intangibe or impossible to evaluate. 
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Fig. 3. Volume of world roundwood removals. 
1980 
Even without making allowance for these benefits, and without having available a 
consensus opinion about long-term demographic and economic prospects, there are 
still a number of basic, even though unquantifiable, assumptions that seem to justify 
policies for the expansion of forestry. These include: 
- World population will continue to increase in the foreseeable future: most of the 
increase will be in the developing regions. 
- Economic availability of natural resources is likely to decline in absolute terms; it 
is certain to decline in per caput terms. 
- This applies particularly to non-renewable resources. One such resource is the 
natural forest, which can be replaced by man-made forests or other vegetation, but 
once exploited, can only be restored to its original state after a very long period of time, 
if ever. 
- Wood itself is a renewable resource which can be produced and reproduced in-
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Fig. 4. Volume of consumption of forest products. world; developed regions. 
definitely and, in the right growing conditions, cheaply. The material thus obtained 
is a bulk commodity, suitable for many mass-produced categories of forest products: 
paper, paperboard, certain wood-based panels, certain grades of sawnwood. 
- As such, it can meet a large part of man's requirements for shelter, packaging, 
reading material and so on. It may not, unless or until technology finds the answer, 
be able to replace the high quality timbers from the natural forest used for decorative 
and other 'expensive' uses in furniture, cabinet-making, joinery, turnery, and so on. 
- It has the potential, on the other hand, to solve the 'poor man's energy crisis'. Hun-
dreds of millions of people in the drier and forest-poor areas of the developing world 
will continue to depend on wood for cooking and heating, and be faced with a dwindl-
ing forest from which to gather it. Renewal and expansion of woodland within easy 
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Fig. 5. Trends in consumption of forest products. SWN, sawnwood; WBP, wood-based panels; 
PPD, paper and paperboard; developing regions; developed regions. 
reach of communities must therefore be a top priority in countries facing a tightening 
fuelwood supply situation. 
Notwithstanding the difficulties referred to earlier of making long-term forecasts 
under present conditions of uncertainty and instability, two global assessments were 
made in the late 1970's, one by FAO (FAO, 1981) and the other by an Industry Working 
Party (1982) under the aegis of FAO. Their forecasts are summarized in Table 6. The 
similarity of the outlooks in the two studies is more striking than the differences, the 
major one of which is in the consumption of wood-based panels. The IWP study's 
outlook for these products was considerably less expansionary than FAO's 
projections. 
A feature that is common to both of forecasts, and indeed of every long-term global 
or regional forecast so far made, of which the author is aware, is that they all expect 
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Table 6. Alternative outlooks for the consumption of the main forest products groups. (Source: 
FAO, 1981). 
Sawnwood 
(x 106m3) 
World 
Developed regions 
Developing regions 
Wood-based panels 
(x 106m3) 
World 
Developed regions 
Developing regions 
Paper and paperboard 
(x 106 tonne) 
World 
Developed regions 
Developing regions 
Actual 
1970 
413 
361 
52 
70 
66 
4 
128 
114 
14 
1980 
436 
351 
85 
101 
89 
12 
170 
143 
27 
FAO projections3 
1990 
503-525 
417-436 
86-89 
144-194 
126-170 
18-24 
262-286 
215-226 
47-60 
2000 
577-626 
463-503 
114-123 
259-328 
223-279 
36-49 
367-411 
281-304 
86-107 
IWP 
forecasts 
1990 
520 
423 
97 
141 
127 
14 
256 
215 
41 
3 
2000 
570 
448 
122 
169 
147 
22 
357 
287 
70 
a. Made in 1978, but adjusted to take account of subsequently changed conditions. 
b. Industry Working Party (FAO Advisory Committee on Pulp and Paper). 
consumption or forest products to expand. This is the case for both developing and 
developed regions and for the major groups of industrial forest products -
sawnwood, wood-based panels, and paper and paperboard. It is also the case for 
fuelwood in the developing regions, which could be expected to rise in step with 
population growth, but may in fact grow more slowly because of increasing scarcity 
in some areas. Even in developed regions, earlier expectations of a continuation of the 
long-term decline in fuelwood use are being reassessed in the light of developments 
since the mid-1970's and the possibility that alternative sources of energy, including 
wood, may have to fill the gap, sooner or later, left by declining production of oil. 
The arguments appear to be sufficiently compelling, therefore, despite all the uncer-
tainties, that the world is going to need increasing quantities of wood. This outlook 
could be taken to justify policies for expanding supply potential, through afforesta-
tion, reforestation or forest conversion. It should not be read as expansion at any cost, 
of any quality of wood, or in any location. Every country needs to draw up an accurate 
picture of its current supply/consumption balance by product and quality and make 
a hard-headed assessment of what role domestic supply could rationally play in the 
future. Net importing countries, for example, have to consider whether their objective 
should be to increase self-sufficiency and what price they are prepared to pay for that. 
Net exporting countries, or potential exporters need to examine carefully whether an 
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expansion of their forestry programme will enable them to increase correspondingly 
their share of international markets. Have in the past such basic questions always been 
asked and answered as honestly as possible? 
Discussion and conclusions 
No one - least of all the author of this paper - can pretend to know accurately 
what are the long-term prospects for the quantity and composition of forest products 
consumption at the global, regional or national level. It can be safely assumed only 
that both quantity and composition will be different from the present. It could also 
be assumed, but with reservations, that: 
- the total volume consumed worldwide will increase, 
- the developing regions will increase their share of total consumption. Beyond that, 
the difficulties multiply in trying to make forecasts that are tenable under present con-
ditions of economic instability. On the basis of past trends, for example, it cannot even 
be assumed, as has generally been done, that consumption of industrial wood will in-
crease more strongly than of fuelwood. 
Under these conditions, what are the options available to the policymaker with 
regard to forest plantations? It seems there are two: 
- Grow the species that are best suited to give good yields in the given site conditions, 
irrespective of their suitability for the full range of consumption needs. In this case, 
considerable effort and resources may be needed to develop production and utilization 
technology, including new types of forest products, to meet the range of market 
requirements. 
- Through careful species selection and breeding and silvicultural practices, grow 
species and qualities that will provide the range of products needed by the market, even 
if this means some sacrifice in the quantity produced. This implies that research and 
development (R & D) should be aimed more at forestry than at forest products. 
While the two approaches are not mutually exclusive, there seem to be more per-
suasive arguments supporting the first approach. Firstly, forecasts of the volume and 
product composition of forest products consumption at the time the crop matures, 
even if it is of quick-growing species (15-30 years rotation), can never be precise. 
Secondly, results of R & D on wood-processing and utilization technology and on 
forest products offer better prospects within a limited time and more flexibility than 
on species selection, genetics and forestry. 
An example of the former approach is the work being undertaken in various coun-
tries with extensive young coniferous plantations to increase the proportion of the crop 
acceptable for use in construction through better sorting, sawing and drying methods, 
stress-grading, finger-jointing and so on, supported by intensified promotion and 
marketing activities. MDF (Medium Density Fibreboard) is another example, a pro-
duct of pulpwood-quality raw material, suitable for machining, easy to apply surfac-
ing materials to and acceptable as a replacement for solid wood in many furniture and 
related applications. In this case, R&D may have to concentrate more on reducing 
93 
production costs than on the quality of the product. 
Plantation policies still need to recognize the diversity of demand patterns and the 
fact that, worldwide, the higher qualities of wood come from a non-renewable, or at 
least less-easily renewable, resource; while demand for the products of these qualities 
is likely to be constrained only by price factors. Technology can cleverly imitate natural 
wood grains, colours and even textures, but an underlying desire for natural wood pro-
ducts will persist. To some extent the managed forest referred to in an earlier section 
can be directed towards these qualities, but there appears to be a function here also 
for plantations. Consequently, within a strategy, which for economic and technical 
reasons will require large areas of quick-growing monocultures to be planted, it would 
be desirable and not impossible to select certain areas for the growing of a wider varie-
ty of species and qualities. A number of side benefits might emerge of an environmen-
tal or social nature, for example, by creating barriers to the spread of diseases or fire, 
by not ecologically and even economically speaking, 'putting all your eggs into one 
basket' and by increasing the possibilities of multiple-use forestry, including recrea-
tion and nature conservancy. 
This leaves the question of plantations' potential role in meeting the demand for 
wood for energy. As seen earlier, fuelwood still accounts for about half the total 
volume of wood felled and used worldwide. This proportion may decline, but probably 
not significantly in the foreseeable future. In many of the drier parts of the developing 
regions, community fuelwood plantations will be of key importance. The establish-
ment of 'energy plantations' to produce wood for small - to medium-scale electricity-
generating plants or other types of power installation, such as hot water systems for 
hospitals, industries, community schemes, etc., have been under discussion in several 
countries where there is heavy dependence on imported fuels and/or where growing 
conditions are especially favourable for producing wood cheaply. The present lull in 
the escalation of oil prices, together with certain other factors, such as the possibly 
negative impact of energy plantations on overall land-use policies, have lessened in-
terest in their possibilies at the present time and lead thinking back towards the need 
for a strategy for plantations producing a range of products - from fuelwood to 
sawlogs - or offering possibilities for flexibility to meet unforeseen changes in de-
mand patterns. One-product plantations may well have disadvantages in today's con-
ditions of uncertainty, except in specific cases, such as village fuelwood plots. 
Each country's situation is unique in the combination of factors affecting the de-
mand for forest products from its domestic resources. In some cases, there may be 
more viable alternatives to man-made plantations, for example, more intensive 
silviculture in existing forests. In many developing countries, however, where a declin-
ing natural forest resource is confronted by expanding demand, man-made planta-
tions may be the best or the only solution. 
A successful plantation policy requires much more than finding a species that will 
grow well, planting it and hoping that the next generation or the one after will find 
a suitable use for it. It involves and assessment, necessarily rough, of the role that the 
plantation will play in a country's or region's consumption of forest products and a 
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commitment to the necessary R & D and downstream investment, already at the initial 
stage of the project. Above all, it needs to have built-in flexibility that will allow adap-
tation to changing market conditions. 
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Soil and water management aspects of forestation 
J. Evans 
British Forestry Commission, Farnham, UK 
Summary 
This paper mainly concerns the tropics and subtropics. Soil and water management aspects 
of forestation have frequently been overlooked in forestry development programmes. The im-
portance of tree cover for environmental protection is widely recognised but, apart from notable 
exceptions like China, little protective forestation has been carried out. The various influences 
of trees on the environment in relation to soil stabilization and erosion control, watershed 
management, provision of shelter, reclamation of sites and arresting desertification are review-
ed. Furthermore, some problems and disadvantages of planting trees in relation to soil and 
water are indicated. In catchment areas outflow may be reduced by afforestation. Plantation 
forestry directly influences soil conditions, but there are no indications yet of serious long-term 
productivity problems. Greater efforts must be given to forestation for environmental reasons. 
Encouragement for successful implementation is best effected through policies of integrated 
land-use, wide publicity of relevant information and effective silvicultural packages, and full 
involvement of local people. 
Keywords: forest influences, environmental aspects forestry, hydrological effects, soil conserva-
tion, protection forest 
Résumé 
Le boisement en relation avec l'aménagement de l'eau et du sol 
Dans l'article il s'agit principalement des zones tropicales et subtropicales. Les aspects du 
boisement concernant l'aménagement de l'eau et du sol ont été fréquemment oubliés dans les 
programmes de développement forestier. L'importance de la couverture arborescente pour la 
protection de l'environnement est bien connue mais à part quelques exceptions notoires, comme 
la Chine, il n'y a jusqu'ici que très peu de boisement protecteur de réalisé. L'auteur résume les 
influences diverses des arbres sur l'environnement: stabilisation du sol et protection contre 
l'érosion, aménagement de bassins-versants, protection contre le vent, amélioration des terres 
et lutte contre la desertification. En plus, il indique quelques problèmes et désavantages de plan-
tations d'arbres en relation avec le sol et le régime hydrique. Dans les bassins-versants, l'écoule-
ment peut être réduit par le reboisement. Les plantations ont une influence directe sur les condi-
tions du sol mais jusqu'ici rien n'indique qu'il y aura des problèmes de productivité à long terme. 
Il faudrait de plus grands efforts de boisement visant l'environnement. Pour pouvoir en-
courager ces efforts, il y a plusieurs méthodes: l'intégration des formes d'utilisation de la terre, 
une vaste diffusion d'information spécialisée, et la participation des populations autochtones. 
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Introduction 
Consideration of soil and water management aspects of forestation can be conve-
niently divided into three parts: 
1. Protection forestry. Planting trees (and other kinds of vegetation) for their en-
vironmental benefit, notably control of soil erosion and influence on hydrological 
cycle. 
2. Effects of plantation forestry. Examining what happens to soil and water condi-
tions from using land for tree plantations. 
3. Silviculture. Modifying soil and water conditions on a site to aid tree growth, 
notably by drainage, cultivation and adding nutrients (fertilisers). 
This paper is primarily concerned with the first two aspects both of which are to 
do with the environmental effects of forests and forestry practice. In the first, forest 
cover is used as an environmental benefit or protection, in the second, plantation 
forestry practice is seen as a direct and sometimes detrimental influence on soil and 
water conditions, both in the short and long term. This distinction is laboured because 
it is important; much confusion and unclear thinking concerning attitudes to foresta-
tion in water catchments, the effects of plantation forestry etc., stem from a failure 
to do so. For example, forest cover generally reduces soil erosion compared/with open 
ground but the practices themselves of tree planting and site preparation and even us-
ing certain species in monoculture, e.g. teak, may temporarily worsen erosion, quite 
apart from the well-known harmful effects of clear-felling and extraction. 
A second introductory point needs stressing. Both protection forestry and the ef-
fects of plantation forestry practice, especially in the long-term, are frequently 
overlooked or accorded low priority. In protective forestation, apart from a few 
notable exceptions such as China (FAO, 1978), implementing projects for planting 
trees or maintaining forest cover to stop erosion and moderate water run-off have been 
singularly unsuccessful despite all the pious statements enshrined in government 
policies and programmes and despite widespread recognition of the problems. 
Similarly the longer-term effects of plantation forestry are usually not even considered 
until problems arise with establishing the second rotation or its growth seems poorer 
than the first. 
Thus two aspects of forestation in their influence on soil and water conditions will 
be reviewed in this paper. For protection forestry I will examine the well-rehearsed 
arguments in favour of tree planting and afforestation, but will also point out some 
of the problems and disadvantages. Consideration of the effects of plantation forestry 
will be brief and will emphasize possible deleterious effects and the need to monitor 
changes in site conditions and crop yields. Finally, several guidelines will be suggested 
as to how policies and objectives in the area of protective forestation can be implemen-
ted. 
Though some reference is made to temperate countries, the paper is largely confined 
to the tropics and sub-tropics. This is for two reasons. First environmental problems 
in the third world are very great as shown by the ever worsening flooding of rivers and 
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silting of dams in south and south-east Asia, or the inexorable spread of desert in the 
Sahel region of Africa, north-east Brazil and Asia Minor. Secondly, and more impor-
tantly, nearly all third world inhabitants are dependent on a patch of land for their 
daily survival; the effects just enumerated directly influence their supplies of food, 
water and fuel which for most is only at bare subsistence level in the first place. 
Most temperate countries have or are tackling these environmental issues, most 
tropical countries are only now at the stage of realising they will have to do something 
about them, and do something urgently. The analysis which follows draws substantial-
ly on Evans (1982a) 'Plantation forestry in the tropics'. 
Protective forestation 
The influence of trees and forest on the environment is relatively well understood 
(Kittredge, 1948; FAO, 1962) and a useful summary for one country (India) has recent-
ly been reported (Ghosh et al., 1982). Planting trees to use these influences constitutes 
protective forestation. It is done for five closely related purposes - soil stabilization 
and prevention of erosion, watershed management, provision of shelter, reclamation 
of sites, and to arrest desertification. 
Soil stabilization and erosion control 
Tree cover protects the soil and reduces erosion in many ways. 
(1) Rainfall interception 
The crowns of trees, which together form the forest canopy, are a barrier between 
falling rain and the soil surface: this confers three benefits. First, the force of rain is 
spent on a tree's crown which absorbs most of the kinetic energy of a raindrop. 
However, the large throughfall droplets can be highly erosive and can more than 
counteract the advantage of the force of rain being absorbed (Chapman, 1948; 
Dohrenwend, 1977). Secondly, the water from rain falling on the crown takes longer 
to reach the ground as it trickles down the branches and trunk and drips off leaves. 
Thirdly, the total quantity of water reaching the ground is reduced because some 
moisture evaporates from leaf surfaces. Depending on vegetation and rainfall 
characteristics this interception loss usually ranges between 10 to 25% of incipient 
rainfall (Ghosh & Rao, 1979). These combined effects greatly modify rainfall erosivity 
at the ground surface and may be positive or negative depending on vegetation and 
soil surface conditions (Wiersum, 1983). 
(2) Windspeed reduction 
This important influence is considered later under 'shelter'. 
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(3) Soil covering 
If left undisturbed, the ground beneath trees becomes covered by debris or litter -
dead leaves, twigs, branches. This litter layer further protects the soil surface and most-
ly is the single most beneficial effect of tree cover in reducing erosion. If it is largely 
absent, as often occurs under teak and some eucalypt plantations or after burning, 
the exposed soil may erode badly despite being under a tree canopy. Bell (1973) and 
Ghosh (1978) found increases of at least 2Vi to 90 times in plantations of respectively 
teak and Shorea robusta with a poor soil cover as compared to forests with a good soil 
cover. Wiersum (1983) reported that in an Acacia auriculiformis plantation at Java 
erosion increased by a factor 15 if litter had been removed (Fig. 1), while the influence 
of the canopy effect was calculated to change the erosion hazard by a factor of some 
tenths only. 
(4) Moisture retention 
As well as protecting the soil from the direct impact of raindrops, the litter and 
humus layers absorb moisture. This further slows the movement of water into the soil 
Fig. 1. Erosion under an Acacia auriculiformis plantation at Java, Indonesia, after removal of 
litter to be used as fuel by local inhabitants (photograph K.F. Wiersum). 
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and also a small amount will evaporate. (The idea of litter and humus as a sponge is 
misleading since their water-holding capacity is often less than the soil below, but they 
do slow movement of water into the soil). 
(5) Binding action of roots 
Under forest there is an almost uninterrupted mat of fine roots over every square 
metre of ground. Total quantities of roots are very large: even in a simple ecosystem 
such as a 22-year-old plantation of Cupressus lusitanica, Lundgren (1978) found 6.1 
t/ha of fine roots (less than 5 mm diameter) in the top 50 cm of soil of which almost 
half were in the top 10 cm. The total below ground biomass of all roots, stumps, and 
root crowns was about 71 t/ha. 
While trees are alive this root mat is continually renewed. It is a living network pro-
viding mechanical support on steep slopes and is an important contribution to slope 
strength and prevention of landslides (Rice, 1978). When forest is cleared and stumps 
killed, root regeneration stops, old roots die and their binding effect on the soil soon 
disappears. 
The combined effect of these beneficial influences of trees is shown by comparing 
erosion under different land-uses with and without tree cover. For instance, Kunkle 
(1978) quotes a 20-year study of watersheds in southern Kenya which showed that sedi-
ment eroded from grazing land up to 50 times faster (1000 t km ~ 2 a "*) than from 
forest land. Daniel & Kulasingam (1977) reported that in an upland catchment in 
Malaysia erosion under forest was about 24.5 m3 of soil km/a, under food gardens 132 
m3, and under tea plantation even higher at 488 m3. 
Nearly all studies confirm this favourable effect of forest on erosion and it is why 
ground cover is so important in water catchment areas to reduce the sediment loading 
of streams and rivers that flow from them. 
Watershed management 
The management of a watershed can affect both the quality and quantity of water 
it supplies. 
(1) Influence on water quality 
Tree cover greatly reduces soil erosion. In watershed management this both prevents 
loss of topsoil and means that the water is largely free of sediment. The destructive 
effect of erosion is not only loss of soil from the eroding land itself but its transport 
and subsequent deposition elsewhere. Sediment deposition in reservoirs and irrigation 
channels is a widespread and costly consequence of deforestation in many tropical 
countries. In India a study of 17 major reservoirs showed that sediment deposition 
rates averaged 917 m3 km ~ 2 a " 1 which is three times greater than was planned because 
'very vast areas of forests have been deforested' (Tejwani, 1977). 
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A second effect of forest cover in catchment areas is that other, often more 
polluting, land-uses are excluded. Water draining from a forested catchment is usually 
cleaner than from one where land is used for grazing or arable farming, which may 
include pollution from fertilisers, pesticides, human and animal wastes. This advan-
tage of forest cover may diminish somewhat where managed plantations are establish-
ed on watersheds. Many forest operations - ground preparation, planting, control 
burning, forest grazing, felling, and road making - cause some disturbance, exposure 
and temporarily increased erosion of soil. Thus timber production becomes of secon-
dary importance to that of leaving tree cover intact. 
(2) Influence on water quantity and streamflow 
Forest cover, compared with open land, affects both the pattern and total quantity 
of water discharge from a catchment (Pereira, 1973). 
Pattern of discharge It is well established that a forested watershed shows lower peak 
flow rates after a storm than a denuded one. The regulating influence is the same as 
that which reduces soil erosion, forest cover slows the movement of water through part 
of the hydrological cycle. This slowing, combined with the barrier and absorptive ef-
fects of the litter, lead to better infiltration of water into the soil, reduced surface run-
off, and therefore slower drainage from the catchment. Ghosh & Rao (1979) found 
that under forest the infiltration rate is about twice that under cultivated ground, i.e. 
proportionally more water soaks into a forest soil than runs off the surface. 
Mathur et al. (1976), in studies of small catchments in India, found that reforesta-
tion of cut-over Shorea robusta forest with Eucalyptus grandis and E. camaldulensis 
compared with a natural covering of small shrubs and grasses resulted in 28% less sur-
face run-off and a 73% reduction in peak flow rates. In the Ootacamund hills (India) 
catchments under Eucalyptus and Acacia plantations were found to have peak 
discharge rates only one-third of those under agriculture (Ghosh, 1978). In addition 
to reduction in peak flow rates, which is so important in reducing flooding, there is 
some evidence that streamflow from forested land is prolonged during dry periods. 
Total quantity of streamflow Trees, like nearly all plants, lose water through 
transpiration. And, because trees root more deeply than other plants they can draw 
on moisture reserves and continue transpiring at a high rate for longer during a dry 
period. This effect, combined with evaporation of rain water intercepted by the 
canopy, may result in an afforested watershed consuming more water than one that 
is not, and therefore reduce the total quantity of water draining from it. This can be 
an important problem in arid countries where all water is at a premium. 
This subject has received considerable attention in Australia, India, Kenya, South 
Africa and USA. One of the most thorough reviews, drawing on long established 
hydrological studies of how plantations affect streamflow, especially when grasslands 
are afforested by pine and eucalypts, was carried out in South Africa in 1968. Amongst 
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the conclusions (Malherbe, 1968) were the following: ' . . . dense phreatic vegetation, 
i.e. plants with roots constantly in contact with the ground-water, promotes high 
vapour losses to the atmosphere through transpiration, irrespective of whether this 
vegetation is indigenous or exotic, broadleaved or coniferous, and that the replace-
ment of such vegetation by less dense, shallow-rooted ground cover will promote base-
flow and increase the water yield from streams in the dry season'. 
A further review of the effect of vegetation changes on water yield is given by Bosch 
& Hewlett (1982). 
The above conclusion that all deep-rooting woody vegetation have relatively similar 
water demands accords with that of Pereira & Hosegood (1962) who investigated 
catchments in Kenya. They found that water use from the top 3 m of the soil was the 
same for Pinus patula, P. radiata and Cupressus lusitanica as for the bamboo forest 
they replaced. Similarly, Samraj et al. (1977) found little difference in run-off between 
plantations of Eucalyptus globulus, Acacia mearnsii, and native Shola forest in India. 
However, Pereira & Hosegood (1962) further showed that management of conifer 
plantations on short rotations (less than 20 years), with a regular programme of felling 
and the temporary removal of forest cover this caused, led to water being saved com-
pared with uninterrupted natural forest. 
The above short discussion indicates that, in general, forested land compared with 
most agricultural land-uses does reduce total streamflow. This has led some countries 
to control afforestation. In South Africa it is recommended that where the water is 
needed and no alternative sources are economically available, catchment sites outside 
the humid forestry zones or with long dry seasons are not planted. In Swaziland tree 
planting is now restricted because of concern over water use and all planting is forbid-
den within 20 m of watercourses. However, as Pereira (1967) pointed out, there is little 
point in prohibiting tree planting beside streams if natural vigorously transpiring 
vegetation takes its place. These two examples are not typical of the tropics and sub-
tropics. In most cases the benefits of tree planting for erosion control and flood 
prevention far outweigh any loss due to reduction in total water flow. The main excep-
tion is in arid and semi-arid regions ( < 750 mm precipitation p.a.) where maximising 
water supply is critical for agricultural well-being, and grassland or herbaceous vegeta-
tion may be the most desirable ground cover. 
Provision of shelter 
Trees not only provide shelter from driving rain (interception), but also from strong 
winds. Planting of trees for this purpose (shelterbelts, windbreaks) is not new but the 
need for it, especially in more arid regions, may be more important than any other en-
vironmental improvement work (Sanger et al., 1977). 
A shelterbelt fulfils several protective roles, which influence the soil: 
- Appropriately designed shelterbelts significantly reduce windspeeds, and hence 
wind erosion up to a distance of about 15 heights to leeward. 
- Within and to the leeward, temperature extremes and évapotranspiration stress are 
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moderate (Delwaulle, 1977). In southern China (FAO, 1978) the coastal windbreaks 
are found to reduce moisture evaporation by 12% and increase relative humidity by 
7%. This microclimate influence, as well as enabling otherwise doubtful crops to be 
grown, e.g. cocoa in parts of West Africa, also reduces wind erosion of soil because 
the surface dries more slowly. 
- The physical obstruction of a belt will trap airborne particles - sand, dust, topsoil, 
etc. This is one of the objectives of the 'green belt' of Eucalyptus microtheca and E. 
camaldulensis around Khartoum (Sudan) (Musa, 1977). 
- The soil beneath a shelterbelt is stabilized, a fact employed when trees are used to 
help fix sand dunes. 
However, not only do shelterbelts, or any trees allowed to grow to sapling size, confer 
these environmental benefits, but once they are established, with careful management 
they become a useful source of firewood, poles, and even fodder for livestock. But, 
as important as these benefits are individually, in establishing a shelterbelt or any plan-
tation all the benefits will operate to a greater or lesser extent. It is this combination 
that confers on tree planting a unique role, the ability to slow or even halt desert 
encroachment. 
Desertification ' 
Decline in tree cover, indeed loss of any vegetation, increases desertification in semi-
arid regions. Logically, therefore, one of the goals in reclaiming land in danger of 
becoming desert is to replace lost trees and forest. In such a harsh environment, direct 
afforestation is usually the only way. 
The object of such planting is not to create a physical barrier (since this suggests 
incorrectly that most desert expansion is due to moving sand dunes and land being 
swamped) but to bring about localized environmental improvement that relieves the 
desert-causing pressures. Belts of trees, as part of an overall integrated land-use 
strategy, can ameliorate the harsh environment and living conditions in the many ways 
already discussed. The momentum generated in reversing the trend will itself help to 
stop the land-use practices which aggravate desertification. 
Reclamation of special kinds of sites 
This purpose of tree planting uses trees as agents of site rehabilitation. Sites for 
reclamation planting include industrial waste ground, unstable sand-dunes, swamps, 
etc. On such sites trees are planted because little else will grow readily and often 
because of the need to stabilize the ground surface, the presence of toxic substances, 
or extreme infertility. 
Examples of reclamation tree planting include the widespread use of Casuarina in 
India and China to stabilize sand dunes. In East Africa swampy land has been brought 
into productive use by planting eucalypts which have proved an effective means of 
'drainage'. Afforestation of industrial wastes include the planting of Eucalyptus 
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tereticornis on copper tailings in Papua New Guinea (Hartley, 1977), Pinus caribaea 
var. hondurensis on restored opencast iron/nickel workings in the Dominican 
Republic, and eucalypts on waste land from opencast tin mining on the Jos plateau, 
Nigeria. 
The reclamation trees serve several purposes. 
- Soil stabilization. Preventing the soil surface from moving as root systems develop 
and ramify in the substrate. 
- Direct protection of bare ground from erosive forces. 
- Initiating the gradual process of soil development through litter fall and build-up 
of organic matter, soil organisms, and microflora. Leguminous species are particularly 
useful since many tolerate harsh environments and can fix atmospheric nitrogen 
resulting in nitrogen-rich foliage and an ability to grow on highly deficient substrates 
typical of industrial wastes and sand-dunes. 
Effects of plantation forestry 
In the above analysis of protective forestation several possibly disadvantageous in-
fluences of tree plantations on soil and water management were already noted, viz: 
- increased erosion under some species, notably teak and some eucalypts (e.g. E. ca-
maldulensis); 
- erosion hazards associated with establishment and management; 
- increased use of water compared to non-woody vegetation. 
However, in consideration of 'soil and water management aspects of forestation' one 
further matter must be examined, the question of site degradation and its implication 
for long-term productivity. 
Throughout the world, but especially in the tropics and subtropics, wood supplies 
are increasingly being met from plantations. Such crops are usually much higher 
yielding than natural forest and the uniformity of species and products bring further 
advantages. However the factors of high yield and monoculture both make demands 
on and influence development of soils in very different ways from natural forest. This 
has led to concern over maintaining plantation productivity in successive rotations 
(Evans, 1976). This problem is most acute in the tropics and subtropics because growth 
rates are highest and rotations shortest, and because soil nutrient capital is often 
meagre compared with many temperate regions. 
Site changes due to carrying out plantation forestry 
This subject concerns the effects of one plantation crop on its successor. Changes 
may occur to physical, chemical and biological characteristics of the site (Florence, 
1967) and are caused by three related influences. Firstly, management-imposed factors 
may alter the site by ground preparation practices, addition to fertilizer, removals from 
the ecosystem in thinning and clear felling, by the way debris is disposed after 
harvesting, etc. Secondly, there can be direct damage to a site by harvesting trees. Drag-
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ging and skidding logs cause compaction, localized soil erosion, and unequal distribu-
tion of debris and organic matter over the site. Thirdly, the plantation itself, and the 
litter it produces, will affect the site and soil in numerous ways and it is these possible 
effects that have raised concern that some plantation monocultures may cause site 
degrade. 
Site changes are considered under three headings: effects on the chemistry, physics, 
and biology of the soil. 
(1) Soil chemical properties 
Apart from adding fertilizer and such factors as soil cultivation or mulching, plan-
tation forestry may affect soil chemical properties in two important ways. First, there 
is nutrient depletion from the soil into the trees as they grow and then from the 
ecosystem as they are harvested. Secondly, change may take place in the chemical 
status of the soil surface as the litter layer and organic matter becomes dominated by 
one species and the chemical composition and decay characteristics of the leaves and 
twigs becomes uniform. 
Nutrient removal occurs as a direct result of plantation management because logs 
are taken from the site. Typical figures are shown in Table 1. These figures are about 
one-third of those for maize (Sanchez, 1976), but maize is usually grown on more fer-
tile soil and usually receives regular manuring. The importance of these nutrient losses 
depends on the total nutrients available in the soil, i.e. how soon the soil will be 'ex-
hausted', and whether the nutrient-rich litter and debris left behind (leaves, twigs, lop 
and top) is also lost to the site or becomes re-incorporated. 
The influence of litter on soil chemical status can be important because leaves of 
different species decay and release their nutrients at different rates. In many tropical 
Table 1. Mean annual increment of stemwood and bark, and nutrient removal in forest planta-
tions (i.e. nutrients accumulating in stemwood and bark). 
Increment 
stemwood and bark 
(m3ha_ 1 a - 1 ) 
Pinus patula* 
(22 years) 
Cupressus lusitanica* 
(22 years) 
Tectona grandis0 
(50 years) poor site 
good site 
15 
12 
4 
14 
Nutrient removal (kg ha 
N 
23.5 
18.6 
5.4 
16.4 
P 
2.5 
2.1 
2.5 
7.5 
- ' a " 1 ) 
K 
13.7 
15.7 
5.2 
14.5 
Ca 
14.3 
27.4 
20 
61.4 
Mg 
5.4 
2.8 
4.5 
8.1 
a. From Lundgren (1978). 
b. Derived averages from Hase & Foelster (1983). 
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pine plantations litter accumulation, breakdown and incorporation are slow, thus 
nutrients are only slowly recycled. In dense plantations of Pinuspatula litter continues 
accumulating for many years and even under Pinus caribaea and P. elliottii, with 
lighter conditions and usually more varied ground flora, litter generally accumulates 
on the forest floor for the first 10-18 years. 
The build-up of large quantities of undecayed litter in plantations of broadleaved 
species is much rarer. Even under teak and Gmelina, which usually suppress all ground 
vegetation, the large leaves readily decay. Similarly, the light crowns of most eucalypts 
lead to other ground flora species, and relatively fast litter breakdown and decay. Even 
the heavy fall of litter from leguminous trees does not lead to build-up since the high 
nitrogen content is attractive to numerous decay organisms. 
Differences in litter type has two important consequences. 
- If net accumulation of litter occurs it effectively immobilizes nutrients. 
- Where a layer of litter of one species develops, the uniformity of dead organic mat-
ter results in (i) a single food type for decay organisms; (ii) development of humus from 
exclusively one litter type; (iii) uniformity in the chemical composition (ions and pH) 
of the water that percolates through to the soil. 
The possibility of changes to the soil chemical status induced by a plantation has 
been demonstrated, but what has been observed? Most studies, including the examples 
below, have only compared conditions under plantations with that under the original 
vegetation (forest, savanna, etc.) rather than between different rotations of a planta-
tion. Robinson (1967) found a drop in organic carbon and phosphorus under 
Cupressus lusitanica plantations compared with indigenous forest in Kenya. Corn-
forth (1970) found that on coars-textured soils in Trinidad Pinus caribaea had led to 
depletion of nitrogen and most mineral nutrients compared with natural forest. By 
contrast Iyambo (1973) reported that Pinus caribaea on the Jos plateau (Nigeria) 
resulted in increased levels of phosphorus and some other nutrients compared with 
nearby grassland soils. Chijioke (1980) reported that on most sites where Gmelina has 
been planted total exchangeable basic nutrients in the topsoil show a definite increase 
over those in the original forest owing to more efficient nutrient cycling. 
Also, as might be expected, nitrogen accumulation has been reported under 
leguminous crops, especially when compared with grassland soils, e.g. Acacia mearnsii 
(Orchard & Darby, 1956). In respect of soil reaction evidence from several studies sug-
gests that the general acidifying effects of conifers on soils in temperate countries does 
not apply in the tropics (Lundgren, 1978). 
Plantation monoculture can be expected to change the soil nutrient status. The scale 
of change, its importance, and whether it will affect growth of later crops will depend 
on numerous factors but especially on inherent soil fertility and whether management 
practices tend to conserve or destroy nutrients accumulated in the litter layer and 
debris. 
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(2) Soil physical properties 
Two main changes may arise from plantation forestry practice, change in soil 
moisture availability and change in bulk density and compaction. 
The increased moisture uptake by plantations compared with non-woody vegetation 
was noted previously as leading to diminished outflow from forested catchments. But, 
in addition, if a plantation consumes more moisture than received by a site in 
precipitation soil moisture reserves will be depleted. In the United States many planta-
tions established in the 1890's and 1900's in the mid-West thrived for a time but even-
tually died once moisture reserves were used up, since moisture input from precipita-
tion was inadequate on its own to sustain growth (Kramer & Kozlowski, 1979). 
Areas of compacted soil are very common following harvesting operations. Up to 
35% of a site can be affected and it is an important cause of site degrade. In Surinam, 
Weert & Lenselink (1973) found that clearing natural forest with bulldozers greatly in-
creased soil bulk density and that growth of Cordia alliodora on the worst affected 
areas was only one-third of that where no compaction had occurred. Many similar ex-
amples may be quoted. 
Where successive rotations are grown the necessary harvesting operations could 
lead to gradual deterioration of the soil by compacting it and altering bulk density 
(Fig. 2). If rotations are short it may be important to plant harvesting carefully so that 
the same tracks and loading areas are used and as much as possible of the site is pro-
tected from physical damage. 
(3) Soil biology 
Few studies have been done in the tropics comparing soil microflora and fauna from 
under natural forest and plantations. However, soil organisms play an essential role 
in the tree nutrition, through litter breakdown, nutrient and moisture uptake through 
mycorrhizae on the roots, etc. and any significant alteration could be expected to alter 
growth. 
Robinson (1971, 1973) reported changes in root mycorrhizal flora between rotations 
of Pinus patula and claimed that variation in growth of the second rotation was due 
to the relative completeness or otherwise of the mycorrhizal association. Squire et al. 
(1979) have also observed changes in mycorrhizae between rotations of Pinus radiata. 
Implications for management of site changes 
It is evident that site degrade could occur in several ways resulting from plantation 
forestry practices. However, there are few data to suggest that declining productivity 
of successive rotations will become a widespread phenomenon. There are two well-
known examples of such decline, Picea abies in parts of lower Saxony and Pinus 
radiata in South Australia, but most reports do not indicate similar problems 
elsewhere e.g. Evans (1978), Farrell et al. (1981), Schutz (1981). Recent reviews of the 
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Fig. 2. Depressed growth of second rotation Pinuspatula where trees are planted on old extrac-
tion track (photograph J. Evans). 
subject can be found in Evans (1976, 1980, 1982b). 
Although serious productivity decline does not yet appear of major importance the 
possibility of it is real enough, particularly on already impoverished sites. It seems pru-
dent that plantation managers should, at the very least, know what is happening in 
their stands by taking steps to monitor evidence of change. This should take two 
forms: 
- maintaining a small number of permanent sample plots to allow accurate com-
parison of productivity between successive rotations; 
- ensuring soil/site investigations, including crop 'logging', form part of research 
programmes. 
Implementing programmes of protective forestation 
This paper has surveyed the effects of forest on soil and hydrology both beneficial 
and harmful. The urgent need for extensive tree planting, and the reasons why foresta-
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tion is of such value for protecting land have been considered. But though these have 
long been recognised, very little protective forestation has been done, and much of 
what has has failed. The reasons for failure are rarely technical, since silvicultural 
methods are available for establishing trees on most kinds of sites encountered. 
Though the need for protective forestation and how to grow trees on the sites are 
known, failure has occurred in initiating and implementing projects. Various reasons 
for these failures are discussed by Jackson in this volume. To overcome these con-
straints, two criteria must be met 
- helpful guidance as to what to do where and 
- encouragement how to do it. 
These points will be covered in the last part of this paper. 
Synthesis of forestation strategies 
Table 2 brings together in summary form the contrasts between industrial planta-
tions where wood production is the main object and environmental forestry where the 
favourable influences of forest cover are the primary benefit sought. 
Encouraging protective forestation 
The subject I have considered here is very much the Cinderella of forestry; it is not 
directly about community forestry, agroforestry or even how to encourage new planta-
tion projects for pulp or mill timber. Yet the importance of the subject is surely para-
mount? With the singular role forests play we are custodians of the environment. 
Without protected watersheds, alleviation of desert encroachement, and assured pro-
ductivity in the long term, production of food and wood will be increasingly hazar-
dous and the lot of the poor increasingly perilous. A time has come for action, but, 
to press my earlier metaphor, how do we get Cinderella to the ball and into the arms 
of her Prince? I suggest that there are six basic strategic principles and pre-requisites 
for successful implementation of protective forestation projects. 
(1) There must be the political will to plan, pass laws, and encourage the project. 
Hence the project must be politically acceptable, its benefits clearly stated and evident, 
and planners and decision makers directed to develop the work. Support from interna-
tional agencies will bring prestige to a project which is useful for gaining political 
support. 
(2) Political will is ultimately the people's will. The scale and impact of forestry 
projects, in time and space, inevitably effect the local people. To harness their support 
and interest is the single most important ingredient of success. Consequently, from all 
levels of defining objectives and benefits to implementation local people should be in-
volved. This should include provision of employment, participation in decision mak-
ing, visiting trial areas and being granted concession rights on the restored land, 
whenever this is possible. It is essential not to alienate the local inhabitants, particular-
ly by authoritarian methods (Braun, 1979). 
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Table 2. A synthesis of f orestation strategies, interactions and implications in land use. 
Industrial plantations Environmental afforestation 
Where appropriate 
Climate Mainly rainy, seasonal and 
monsoonal climates where an-
nual rainfall is over 750 mm. 
Topography Flat or rolling terrain with gen-
tle slopes. Steep slopes un-
suitable because of erosion risk 
and high cost of timber extrac-
tion. 
Non-erodible soils at least 50 cm 
deep. Sands and high silt soils 
tend to be unsuitable. Reason-
able fertility desirable. 
Unimportant, though dense 
rain-forest is both less desirable 
to clear and more costly than 
planting in grassland and savan-
na. 
Areas of low population density 
and land not under great 
pressure from firewood collec-
tions, pastoralism or other use. 
Optimum silvicultural practices 
Species Most suited to site to give rapid 
growth of forest product 
desired. Slow growing poorly 
formed species rarely suitable. 
Soil 
Vegetation 
Human ecology 
Any climatic region but par-
ticularly important in mon-
soonal climates with intense and 
prolonged periods of rain, and 
in arid climates where annual 
rainfall is less than 600 mm. 
Less suitable for water cat-
chments in day regions (<750 
mm p.a.) 
Steep slopes in mountainous 
regions in most need of con-
tinuous ground cover to prevent 
erosion. Also in arid flat areas 
at risk from wind erosion -
sand and dust storms. 
All erodible soils. Often shallow 
infertile ones and sands likely to 
support only meagre natural 
vegetation and suffer rain and 
wind erosion. 
Most needed on sites where 
natural vegetation cover is poor 
or absent leaving exposed 
ground e.g. sand dunes, in-
dustrial waste. 
Important in heavily or over-
used land owing to high popula-
tion of people and animals. 
Need to ease pressures on ex-
isting vegetation to help main-
tain ground cover. 
Must thrive on site despite 
adverse conditions. Growth 
rate and form unimportant but 
need early and continuous 
canopy. Species should allow 
undergrowth and surface 
vegetation, therefore avoid 
teak, Gmelina arborea and 
some eucalypts, e.g. E. camal-
dulensis. Nitrogen fixation im-
portant on infertile and man-
made sites - use Casuarina, 
Acacia, Cassia, Leucaena etc. 
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Table 2. Continued. 
Industrial plantations Environmental afforestation 
Establishment 
Thinning and felling 
Other 
Optimum cultivation, fertilis-
ing, weeding for rapid growth. 
Carry out to optimise yields 
financial, volume etc. 
Regenerate naturally or by 
planting. 
Avoid surface cultivation apart 
from digging pits, terracing etc. 
Use 'weeds' to give early ground 
cover, only control immediately 
around planted tree if neces-
sary. 
Once forest established mini-
mise all subsequent intervention 
and cutting. Avoid road con-
struction and large coupes on 
high erosion risk areas. Control 
firewood gathering. 
Use species which regenerate 
naturally on site or, where cut-
ting can be done safely, will 
coppice freely. 
Site effects 
Nutrition 
Soil physical conditi-
ons 
Water relations 
Intensive silviculture may lead 
to nutrient depletion. Some 
species may alter soil pH. 
Many operations, especially 
during harvesting, tend to erode 
soil or lead to localised compac-
tion and increased bulk density. 
May 'use' more water than other 
land-uses. 
Maintenance of cover and use of 
N-fixing species will generally 
enrich soil. 
Introduction and maintenance 
of cover will reduce soil erosion. 
As for industrial plantations but 
benefit of reduced peak flow 
rates, lowering flood risk. 
Synthesis High yield of forest products, 
limited, nil or detrimental 
'benefit' from forest influences. 
Low or no yield of forest pro-
ducts, substantial benefit from 
forest influences. 
Ill 
(3) There must be adequate funding for the whole life of a project. Combatting 
environmental degrade is usually expensive yielding few directly saleable products, 
and often the improvement works cross many local or international borders, e.g. nor-
thern Sahara Green Belt. Aid funding from external sources, with low interest rates 
and long repayment periods, are best suited to this kind of expenditure. In appraising 
such works the benefits to all sectors must be brought out - agriculture, water, 
engineering, forest, etc. - which often is best done by examining the consequences 
of not carrying out a protection project. By comparing the costs and benefits of the 
with and without case, often it can be demonstrated that the project is economic viable 
(Spears, 1980, 1983). 
(4) From the foregoing it is clear that protective forestation activities should 
always form part of an integrated land-use strategy and that forestry and agriculture 
should not be kept seperate. The traditional Western approach has been largely to 
divorce the professions of forestry and agriculture and emphasis differences. But now, 
in education and especially in land-use planning forestry, agriculture, hydrology, civil 
engineering, conservation, etc. should be integrated to achieve optimum land husban-
dry to benefit the land itself and the people. The task of coordinating these many 
disciplines requires a comprehensive organization (Singh, 1976; Palin, this volume). 
(5) Know and communicate the wide ramifications of the consequences of 
deforestation for all land uses and, by implication, the benefits of forestation. Both 
what can be expected from tree planting and what drawbacks there are in the planta-
tion forestry approach should be public knowledge. No information, misinformation 
and wrong information hamper forestry programmes just as with other forms of 
development. 
(6) Once it has been decided on basis of a proper evaluation of all available infor-
mation to start a protective forestry project, at each stage of the project there is needed 
an effective silvicultural package that is straightforward, easily implemented, and will 
work. Choice of species, planting methods, tending and protection needs, all need to 
be well established and known to work on the sites to be planted. 
References 
Bell, T.I.W., 1973. Erosion in the Trinidad teak plantations. Commonwealth Forestry Review 52: 
223-33. 
Bosch, J.M. & J.D. Hewlett, 1982. A review of catchment experiments to determine the effect 
of vegetation changes on water yield and évapotranspiration. Journal of Hydrology 55: 3-23. 
Braun, A., 1979. A collective discipline. Ceres 12: 19-24. 
Chapman, G., 1948. Size of raindrops and their striking force at the soil surface in a red pine 
plantation. Transactions American Geophysical Union 29(5): 664-670. 
Chijioke, E.O., 1980. Impact on soils of fast-growing species in lowland humid tropics. FAO 
Forestry Paper No. 21. Rome, 111 pp. 
Cornforth, I.S., 1970. Reafforestation and nutrient reserves in the humid tropics. Journal Ap-
plied Ecology 7: 609-615. 
Daniel, J.G. & A. Kulasingam, 1974. Problems arising from large scale forest clearing for 
agricultural use - the Malaysian experience. Malaysian Forester 37(3): 152-160. 
112 
Delwaulle, J.C., 1977. Shelterbelts and environmental forestry. In: Savanna afforestation in 
Africa. FAO Forestry Paper No. 11, Rome, p. 173-180. 
Dohrenwend, R.E., 1977. Raindrop erosion in the forest. Ford Forestry Center, Michigan 
Technological University. LiAnse, Michigan. Research Notes No. 24, 19 pp. 
Evans, J., 1976. Plantations: productivity and prospects. Australian Forestry 39: 150-163. 
Evans, J., 1978. A further report on second rotation productivity in the Usutu forest, Swaziland 
- Results of the 1977 re-assessment. Commonwealth Forestry Review 57 (4): 253-261. 
Evans, J., 1980. Long-term productivity of tropical plantations - an overview. IUFRO Symp. 
and workshop on genetic improvement and production of fast-growing tree species. San 
Paulo, Brazil. 
Evans, J., 1982a. Plantation Forestry in the Tropics. Oxford University Press, 472 pp. 
Evans, J., 1982b. Maintaining and improving productivity of tropical and sub-tropical planta-
tions. IUFRO Symp. on Forest site and continuous productivity. Seattle, USA. 
RAO, 1962. Forest influences. FAO Forestry & Forest Products Studies No. 15. Rome, 305 pp. 
FAO, 1978. China: forestry support for agriculture. FAO Forestry Paper No. 12. Rome, 103 pp. 
Farrell, P.W., D.W. Flinn, R.O. Squire & EG. Craig, 1981. On the maintenance of productivity 
of Radiata pine monocultures on sandy soils in South-east Australia. Proceedings of the 
17th IUFRO World Congress, Japan, 1981. Div. 1, p. 117-128. 
Florence, R.G., 1967. Factors that may have a bearing upon the decline of productivity under 
forest monoculture. Australian Forestry 31: 50-71. 
Ghosh, R.C., 1978. Evaluating and analysing environmental impacts of forests in India. Pro-
ceedings 8th World Forestry Congr. Jakarta. Paper FQL/25-24. / 
Ghosh, R.C., O.N. Kaul & B.K. Subba Rao, 1982. Environmental effects of forests in India. In-
dian Forest Bulletin No. 275. 
Ghosh, R.C. & B.K. Rao, 1979. Forests and floods. Indian Forester 105: 249-59. 
Hartley, A., 1977. The establishment of Eucalyptus tereticornis on tailings of the Bougainville 
copper mine, Papua New Guinea. Commonwealth Forestry Review 56: 239-45. 
Hase, H. & H. Foelster, 1983. Impact of plantation forestry with Teak (Tectona grandis) on the 
nutrient status of young alluvial soils in West Venezuela. Forest Ecology & Management 6: 
33-57. 
Iyambo, D.E., 1973. Effects of Pinus caribaea on basaltic soil in Miango, Jos Plateau, Nigeria. 
Research Paper (Savanna Series) No. 22. 9 pp. 
Kittredge, J., 1948. Forest influences. McGraw Hill, New York. 394 pp. Reprinted Dover 
Publication, 1973. 
Kramer, P.J. & TT. Kozlowski, 1979. Physiology of woody plants. Academic Press, New York, 
811 pp. 
Kunkle, S.H., 1978. Forestry support for agriculture through watershed management, wind-
breaks and other conservation measures. Proc. 8th World Forestry Cong. Jakarta. Paper 
FFF/5-0. 
Lundgren, B., 1978. Soil conditions and nutrient cycling under natural and plantation forests 
in Tanzanian Highlands. Reports in forest ecology and forest soils No. 31. Dept. Forest Soils. 
Swedish University of Agricultural Science Uppsala. 426 pp. 
Malherbe, H.L., 1968. Report of the interdepartmental committee of investigation into af-
forestation and water supplies in South Africa. Department of Forestry, Republic of South 
Africa. 
Mathur, H.N., R. Babu, P. Joshie & B. Singh, 1976. Effect of clearfelling and reforestation on 
run-off and peak rates in small watersheds. Indian Forester 102: 219-26. 
Musa, O.S., 1977. Der Grüngürtel von Khartoum [The Green Belt of Khartoum]. Beitrage für 
die Forstwirtschaft 11: 95-7. 
Orchard, E.R. & G.D. Darby, 1956. Fertility changes under continued wattle culture with special 
reference to nitrogen fixation and base status on the soil. Transactions 6th International 
113 
Congress Soil Science. Paris. Vol D, p. 305-310. 
Pereira, H.C., 1967. Afforestation and stream flow in tropical highlands. Commonwealth 
Forestry Review 46: 323-7. 
Pereira, H.C., 1973. Land use and water resources in temperate and tropical climates. Cam-
bridge University Press, London, 246 pp. 
Pereira, H.C. & P H . Hosegood, 1962. Comparative water use of softwood plantations and 
bamboo forest. Journal Soil Science 13: 299-314. 
Rice, R.M., 1978. The effects of forest management on erosion sedimentation due to landslides. 
Proc. 8th World Forestry Cong. Jakarta. Paper FFF/5-10. 
Robinson, J.B.O., 1967. The effects of exotic softwood crops on the chemical fertility of tropical 
soils. East African Agricultural and Forestry Journal 33: 175-189. 
Robinson, R.K., 1971. Changes in mycorrhizal flora on roots of Pinus patula in Swaziland. 
South African Forestry Journal 78: 14-15. 
Robinson, R.K., 1973. Mycorrhiza and 'second rotation decline' in Pinus patula in Swaziland. 
South African Forestry Journal 84: 16-19. 
Samraj, P., S. Chinnamani & B. Haldorai, 1977. Natural versus man-made forests in Nilgiris 
with special reference to run-off, soil loss and productivity. Indian Forester 103: 460-5. 
SancheZj P.A., 1976. Properties and management of soils in the tropics. Wiley Interscience, New 
York, 618 pp. 
Sanger, C , G. Lessard & G. Poulsen, 1977. Trees for people: an account of the forestry research 
program by the International Research and Development Centre. IDRC-094e. Ottawa, 52 pp. 
Schutz, C.J., 1981. Monitoring the long-term effects of management practices in South African 
forestry. South African Forestry Journal 120: 3-6. 
Singh, G., 1976. Watershed management administrations and how to create them. Unasylva 114: 
32-36. 
Spears, J.S., 1980. Overcoming constraints to increased investment in forestry. Paper 11th Com-
monwealth Forestry Conference, Trinidad. 
Spears, J.S., 1983. Tropical reforestation: an achievable goal? Commonwealth Forestry Review 
62(3): 201-217. 
Squire, R.O., D.W. Flinn & P.W Farrell, 1979. Productivity of first and second rotation stands 
of Radiata pine on sandy soils. I. Site factors affecting early growth. Australian Forestry 42: 
226-35. 
Tejwani, K.G., 1977. Trees reduce floods. Indian Farming 26: 57. 
Weert, R. van der & K.J. Lenselink, 1973. The influence of. mechanical clearing of forest on 
plant growth. Surinaamse Landbouw 21: 100-11. 
Wiersum, K.F., 1983. Effects of various vegetation layers of an Acacia auriculiformis forest 
plantation on surface erosion at Java, Indonesia. Proceedings International Conference on 
Soil Erosion and Conservation, Hawaii, January 1983. 
114 
Biological diversity and forestation in the tropics 
G. Budowski 
Department of Renewable Natural Resources, CATIE, Turrialba, Costa Rica 
Summary 
Biological diversity is a concept that still needs clarification and its premises are often the sub-
ject of controversy. Concerning forestation, the questions that most frequently arise refer to 
decisions on land-use, for instance whether to manage natural forests at the primary or secon-
dary succession stage, or whether to plant trees, and if so, what trees, native or exotics, on what 
sites, in pure or mixed stands. Obviously, the interplay of short-term and long-term objectives, 
environmental, economic and social factors, the evaluation of future trends, including present 
and future attitudes towards conservation of genetic resources, as well as enhancement of 
biological, educational, scientific and aesthetic values, all influence policies. Obviously, great 
variations can be expected from one area to another. 
In this paper, the various points of controversy are reviewed: single-species plantations in 
comparison to natural forests, possibilities for mixed plantations and agroforestry systems, and 
the use of native or exotic species. Single-species plantations when carried out at the expense 
of valuable native forests create 'ecological deserts'. But plantations made at the expense of 
degraded lands may actually relieve pressure on native forests. There appears to be little large-
scale experience with mixed tree plantations in the tropics, but certain agroforestry combina-
tions are promising. In regard to the question on the use of native or exotic species, there is little 
ground not to choose what appears the most beneficial species, regardless of its origin. 
A guideline when deciding on plantations is to relieve pressure on the most valuable natural 
forests that are left. This implies keeping options open for the future and, whenever possible, 
including secondary forests that respond will to silvicultural treatments. The strongest incen-
tives should therefore be given to reforestation on appropriate areas, at present denuded or 
degraded. A future trend will probably favour 'community forestry' with a bias for multiple use 
or soil-enriching species, and certain combinations with food crops or grass. A vast amount of 
existing knowledge by farmers throughout the world should prove rewarding in this endeavour. 
Caution should, however, be exercised in avoiding plantations on marginal sites with climatic 
or soil limitations. 
Keywords: Ecological aspects plantations, nature conservation, silvicultural systems, agro-
forestry 
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Résumé 
Diversité biologique et forestation tropicale 
La diversité biologique est une conception encore en mal de clarification et dont les prémisses 
sont souvent controversées. Quant à la boisement, les questions les plus souvent soulevées con-
cernant des décisions sur l'utilisation des terres. Faut-il, par exemple, aménager des forêts 
naturelles en premier ou en second stade de succession? Faut-il planter des arbres et dans l'affir-
mative, lesquels? Des espèces locales ou exotiques? Sur quels sites? En peuplement pure ou mix-
te? Clairement, la politique et les décisions sont influencées par l'interférence entre les objectifs 
à court et à long terme, par des facteurs environnementaux, économiques et sociologiques, par 
l'évaluation des tendances futures y compris les attitudes présentes et futures quant à la conser-
vation des ressources génétiques, aussi bien que l'exaltation des valeurs biologiques, éducatives, 
scientifiques et esthétiques. Il va de soi que d'un région à l'autre, de grandes variations sont 
possible. 
Dans ce texte, les différents points de controverse sont examiné. Ce sont surtout les planta-
tions en monoculture vis-à-vis des forêts naturelles, les possibilités de plantations forestières 
mixtes et de systèmes agroforestiers et l'utilisation d'espèces indigènes en comparaison avec les 
exotiques. Des monocultures, lorsqu'elles se créent aux frais de forêts autochthones de valeur, 
produisent des 'déserts écologiques'. Mais, lorsqu'elles remplacent des terres dégradées, la pres-
sion sur les forêts locales peut s'en trouver soulagée. Il paraît y avoir peu d'expériences à grande 
échelle avec des plantations forestières mixtes tropicales, mais certains systèmes agroforestiers 
sont promettants. L'utilisation d'espèces indigènes vis-à-vis des exotiques est un problème à pro-
pos duquel on peut conclure qu'il existe peu d'arguments solides pour ne pas choisir l'espèce 
qui paraît être la plus bénéfique, sans regarder son origine. 
En conclusion, quand il faut décider sur des plantations, une directive est celle de soulager 
les restes des forêts naturelles les plus valables, soumises à la pression humaine. Ceci implique 
que des options future soient gardées ouvertes et que, partout où il est possible, des forêts secon-
daires répondant bien aux traitements sylvicoles soient incluses. C'est pourquoi les mesures de 
stimulation les plus fortes devraient concerner surtout le reboisement de terrains appropriés 
mais qui sont à présente dénudés ou dégradés. Une tendance future sera probablement la 
favorisation de la foresterie communautaire avec l'accent sur des espèces à utilisation multiple 
ou qui améliorent le sol, ainsi que sur certaines combinaisons avec des plantes vivrières ou four-
ragères. L'énorme masse de connaissances paysannes existant partout dans le monde devraient 
être rentabilisée dans cette optique. Il faudrait cependant être prudent en evisageant des planta-
tions sur des sites marginaux montrant des facteurs limitants climatiques ou pédologiques. 
Introduction 
The title suggests an immediate stereotyped conflict between conservation of 
natural forest with a high biological diversity and plantation of a single species 
(monocultures). This conflict will be the basis of the paper. 
Indeed the controversy is still raging. For instance at an international meeting on 
'the forests of Jamaica' at the University of the West Indies, Kingston, in 1983, it was 
the main theme of the vivid debate. Here as in many other regions of tropical lowlands 
or hills, Caribbean pine (Pinus caribaea) had been planted at the expense of natural 
forests, which included a rich diversity of plants and animals, many highly specialized 
and interdependent. In Jamaica, the conservationists who resented the introduction 
had an additional strong argument: a hurricane passing close to the island in 1980, 
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destroyed a certain amount of the pines whereas the native vegetation suffered very 
little. However the pine-planting programma goes on: Jamaica must import most of 
its timber and its timber industries must be provided with raw materials. 
The controversy is an old one and has been the subject of conferences like a recent 
one in Brazil (Budowski, 1982) where the aliens were mostly eucalypts and pines. It 
was a controversial and emotional theme too at an international congress on extinc-
tion of plant species (Budowski, 1977) and it has been the concern of various interna-
tional organizations such as IUCN (1980; Budowski, 1974b) as well as the Interna-
tional Union of Societies of Foresters (Budowski, 1974a). 
Among the various questions raised are the following: 
- What are the short-term and long-term trade-offs in loss of diversity and the 
genetic resources, if tropical plantations are established at the expense of natural 
forests? 
- How should one manage the various types of natural forests, either primary or in 
various stages of secondary succession? 
- Is it possible to plant trees, perhaps several species, and to reach some semblance, 
at least in structure, of the previous forests? 
- Is it better to plant native rather than exotic or introduced species? , 
- What are the environmental consequences of planting homogeneous stands of 
trees, particularly for soils, infiltration, run-off and erosion? 
- What are the socio-economic consequences, including perceptions by different sec-
tors of the population as to such aspects as biological assets, educational, scientific, 
aesthetic, inspirational and recreational values? 
- How could these perceptions and their values change in decades to come, let alone 
in the next centuries? What are our responsibilities in the legacy we leave to future 
generations? How important is it to preserve diversity and transfer to future genera-
tions the privilege of deciding on future options? 
There is of course no simple answer to these questions, particularly in the light of 
trade deficits by many countries or millions of people who need food and for whom 
some of the ethical questions are quite irrelevant. 
The case for single-species plantations 
Spectacular successes in establishing plantations have been achieved in many coun-
tries throughout the tropical world (Lanly, 1982). Some of their effects were recently 
evaluated by Lundgren (1980) and Spears (1983). Lundgren indicates the following ad-
vantages of plantations over natural forest (see also the Introduction to this volume): 
- the ease of siting them in relation to markets and transport, 
- high yield in terms of volume per unit area, of uniform quality, 
- the consequently small demand for land, 
- the low costs of road-building and logging with respect to volume produced, 
- the great potential for genetic and silvicultural improvement, 
- the safer long-term predictions of yield. 
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In fact, Spears (1983), who has closely followed the plantation effort in Brazil, states 
that over four million hectares of plantation have already been established and these 
currently supply 60% of the country's needs for timber at considerably lower cost than 
the alternative of logging the natural forests of the Amazon and transporting timber 
from there to the south-east. He then speculates that it would in theory be possible 
within another decade to satisfy all Brazil's needs for timber from fast-growing planta-
tions without recourse to further exploitation of the Amazon. 
That last statement and Spear's discourse in this volume echoes one of the strongest 
arguments for plantations, namely that they could relieve the pressure on natural 
forest, often overlooked by certain conservationists. 
Plantations of course need not to be established at the expense of native forests. 
They can and indeed have succeeded on nutrient poor soils, on savannas, as long as 
drainage and rainfall are adequate and careful fertilization is practised. Examples are 
the very high-yielding clonal plantations of hybrids derived from Eucalyptus uro-
phylla in Congo and the plantations of Caribbean pine on the sandy infertile savannas 
in south-east Venezuela, where the previous land-use was cattle ranching with a carry-
ing capacity around 0.1 per hectare. Pine planting transformed land-use towards more 
intensive use. Moreover as a result of protection from fires, certain undergrowth plants 
became re-established, deer became abundant and even their predator, the jaguar, 
reappeared. A paper-mill is now contemplated on the basis of over 120 000 ha of pines, 
in a country where these products had to be imported. Similar promise is being ex-
perienced in Costa Rica, where abandoned and degraded lands (compacted and weed-
infested pastures in areas of high rainfall) are being reforested with Caribbean pine. 
In all these cases, no damage is done to the native flora and fauna, biological diversity 
is sometimes even increased and there is a new source of labour and much needed pro-
ducts will be produced in large amounts from relatively small areas. Admittedly the 
establishment cost was probably very high. Yet in southern Brazil, where eucalypts and 
pines are planted mostly on lands that have long been cleared of their original forests 
and where coffee and other crops have been abandoned because of soil impoverish-
ment, these plantations are an economic success (Sedjo, this volume). 
The case against single-species plantations 
In forestation programmes, there have been many failures, biological as well as 
economic and socio-economic (e.g. invasion of planted areas by squatters). These 
failures have been little heralded and their reasons have generally not been carefully 
evaluated. In this volume, several major reasons for failures are discussed by Jackson, 
and Taylor & Soumaré. In relation to biological hazards, three important factors may 
be mentioned: pests and diseases, fire and soil degradation. 
Several examples are known of failures of monocultures due to attacks of fungal 
or insect diseases. A well documented case has taken place in southern Brazil, where 
the once large-scale plantations of Pinus radiata were attacked by a fungus Diplodia 
pinea. The reason for this outbreak was that P. radiata grows best in Mediterranean 
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climates, where the summer rainfall made conditions most favourable for the fungus. 
It has often been stated that mixed plantations may decrease the hazard of disease at-
tacks. Although it is still debatable when and how the incidence of diseases will be 
lower in mixed plantations than in monocultures (Gibson & Jones, 1977), an advan-
tage of mixed plantations is that they spread the risk of all trees being effected by a 
certain disease. 
The susceptibility of many monocultures to fire has been demonstrated in many 
regions. Especially during dry periods, plantations need careful protection to prevent 
costly fires. Such fires not only cause direct damage but may also have indirect effects 
by making plantations more susceptible to diseases or to erosion. Erosion is favoured 
in plantations if no protective cover plants are present, through burning, excessive 
shade, or competition for moisture and nutrients. The potential effect of monocul-
tures on soil conditions, including soil biology, erosion and the possibility for soil 
depletion in second rotations are further discussed by Evans in this volume and by 
Lundgren (1980). 
The opposition to monocultures, however, often stems not from those hazards, but 
arises mostly from the fact that they may be established at the expense of native 
forests, as were the large Jari plantations in Brazil. I have already raised this point in 
relation to Jamaica. This controversy is still raging in the highlands of Kenya, in 
Nigeria, Fiji and many other countries where government-controlled land covered 
with native forest is being converted to plantations, even if, as in Kenya, most of the 
lumber comes now from these plantations. One may argue, as in fact some Kenyan 
foresters did, that a small amount of the natural forest has to go in order to save the 
remnant. 
However such conversion does indeed impoverish biological diversity; some have 
called the result 'ecological deserts'. This has been well documented in countries such 
as Jamaica, Colombia and Indonesia, where animal counts have been compared in ad-
jacent stands of natural forests and monoculture plantations (Table 1). Especially ar-
boreal animals such as birds are seriously affected, though grazing animals may ac-
tually profit from the invasion of herbaceous undergrowth in plantations, especially 
in open places. If some of the negatively affected plant and animal species of the 
natural forests are endemics or are endangered and close to extinction, this com-
pounds the criticism and the opposition of those who consider it their fundamental 
duty to save species from extinction. Another criticism may relate to the lack of protec-
tion offered in plantations to wildlife, which is used as a major source of protein for 
the local population (Mongi, 1978). 
Although monocultures form a less diverse habitat and have a lower biological 
diversity than natural forests, the ecological value of such plantations can still be im-
proved by various management practices which provide spatial diversity, such as provi-
sion of stands in various stages of development from newly planted to mature, leaving 
unplanted corridors with natural vegetation (e.g. along streams or in firebreaks) or 
underplanting of trees with fodder crops for wildlife. 
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Table 1. Presence and estimated group density (km 2) of selected animal species in different 
forest types (after Wilson & Johns, 1982). 
Sambar deer 
Barking deer 
Mousedeer 
Bearded pig 
Sun bear 
Bornean gibbon 
Maroon langur 
Pied hornbill 
Bushy-crested hornbill 
Rhinoceros hornbill 
Helmeted hornbill 
Argus pheasant 
Primary forest 
4.1 
5.8 
3.0 
6.7 
0.7 
7.3 
2.2 
1.1 
-
3.5 
2.8 
1.1 
Old logged 
forest 
0.4 
0.7 
0.6 
0.7 
-
5.0 
1.3 
1.2 
0.3 
0.9 
0.5 
0.1 
Plantation 
3.2 
1.1 
P 
P 
-
-
0.5 
-
-
-
-
-
p = present, - no density given 
Forestation with mixed stands 
The literature on experiences with mixtures of timber is rather scarce, but small trial 
plantations shows that usually one species gains the upper hand. Several theoretical 
justifications have been raised for establishing mixed plantations. For instance, for 
planting of some Meliaceae such as Cedrela and Swietenia, which are prone to the 
shootborer (Hypsipyla) attack, it has been advocated to plant under other trees as a 
way of avoiding or diminishing insect attack. In practice, the results have been disap-
pointing so far and no large-scale plantations have been reported. 
Also trials to mix larger numbers of species have usually not fulfilled expectations. 
Experience at CATIE, Costa Rica, with four replicated plots of 77 species shows a 
possible theoretical value, but little possibility for practical application. Most species 
do not survice after 15 years but some of the best trees were unusually tall and of very 
good form. However they always corresponded to pioneer species, including several 
species of Eucalyptus (Combe & Gewald, 1979). 
The last word on this is not yet said, when one considers the efficient combinations 
found among trees in the so-called home or 'kitchen' gardens, notably in Indonesia, 
Philippines and Latin America. Scientists have only recently 'discovered' some of 
these combinations and identified and mapped their components (Michon et al., 1982; 
Wiersum, 1982), but much quantitative data still needs to be gathered to understand 
the relation between their structure and functioning. There is no doubt that much em-
pirical knowledge exists but it is not easy to retrieve it, let alone to transfer some of 
the techniques developed over centuries under the undoubtedly large influence of 
cultural and socio-economic factors. An international meeting on home gardens is 
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planned under the auspices of the United Nations University, the International Coun-
cil for Research on Agroforestry and possibly the International Union of Forest 
Research Organizations for 1984 to gather information from researchers in different 
continents. 
Another variant of mixed plantations is the planting of Leucaena leucocephala, a 
leguminous shrub or small tree, as a cover crop under teak. This practice is widely 
utilized in Indonesia. However this practice is different from combining timber trees. 
It shows more resemblance to certain agroforestry systems where trees are combined 
with food or fodder crops, including grass, either simultaneously or in sequence. This 
subject has recently received a large amount of attention worldwide but is too large 
to be covered here. Several aspects are dealt with by R.B. Peck and by Raintree in this 
volume. A worldwide inventory on agroforestry practices is taking place under the 
auspices of ICRAF and the results may show some of the more promising systems. 
There are excellent examples of careful management of shade-trees, which fulfil a 
multitude of functions besides providing shade, particularly if they are nitrogen-fixing 
trees (Halliday & Nakao, 1982). There are some well documented cases in tropical 
regions with legumes over coffee, cocoa, tea and other crops. The same applies to the 
nitrogen-fixing tree Alnus acuminata combined with different grasses to be cut or \ 
grazed, such as Pennisetum clandestinum, Pennisetum purpureum and Axonopus 
scoparius. The literature and results of research carried out at CATIE were recently 
reviewed (Budowski et al., 1983) for leguminous shade-trees that fix nitrogen. Their 
wider use in years to come is virtually certain because of their effect on soil fertility, 
provision of mulch rich in nitrogen, utilization of legumes for fodder and possibly 
physical improvement of soils particularly when the shade-trees are periodically prun-
ed or pollarded. 
An example of the multiple-uses of shade-trees is provided by Erythrina poep-
pigiana, a common shade-tree over coffee and cocoa in Costa Rica. Depending on the 
amount of yearly prunings, 8-year old trees were found to produce annually 2-4 t/ha 
of fallen leaves and 12-18 t/ha of pruned biomass (Russo, 1983). This material is left 
between the commercial crops and enhances their production by protecting the soil 
against erosion and by provision of minerals released during decomposition. A similar 
positive effect of E. poeppigiana shade trees can be found in relation to the production 
of cut grasses like Pennisetum purpureum and Cynodon plectostachyus. The produc-
tion of these two grasses with and without shade was measured to be, respectively, 6.4 
and 5.6 t/ha in four months for Pennisetum and 5.8 and 2.1 tons/ha in six months 
for Cynodon (Budowski et al., 1983). 
These examples show that in multi-species stands, synergetic effects between species 
may occur. In several areas, local farmers are familiar with the positive effects of cer-
tain mixed stands and they have developed indigenous management techniques to 
utilize these effects. Several of these techniques, such as managed or enriched fallows 
and live fence-posts are discussed by R.B. Peck in this volume. Such examples of 
farmers' use of trees are perhaps rather new to most plantation-minded foresters. 
Nonetheless, the examples can provide rewarding information on the possible 
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management techniques for mixed plantations, as experience from field workers in 
different parts of the tropics shows (R.B. Peck, this volume). 
Native or exotic trees 
It is a paradox that nobody seems to object to the planting of food crops or rearing 
domestic animals that are not native to a region, but that objects are often raised to 
planting 'exotic' or 'introduced' trees (notably Eucalyptus spp. and Pinus spp.). Native 
species are often supposed to be more 'resistent' to local conditions, because they grow 
in the area. But it may also be argued that by taking a tree species out of its natural 
environment (usually some kind of forest) and by planting it in the open in a 
geometrical pattern, it is virtually 'introduced' or exotic in that new environment. One 
has the feeling that emotions have overtaken sound judgment. Perhaps only for or-
namental values - when the purpose is to plant trees that represent the country's 
heritage - do native species merit preference, though at present the opposite seems 
to be more usual. This subject enjoys more publicity than it deserves, nothwithstan-
ding of course that more research trials with promising native species should be carried 
out, instead of simply following trends from elsewhere. Admittedly plantation pro-
grammes with pines, eucalypts and many other well known trees enjoy the ac-
cumulated knowledge from decades of research but research on the plantation poten-
tial of native trees can be rewarding too. One may ask why Leucaena leucocephala and 
Calliandra calothyrsus, now so popular in forestation programmes in Central 
America, had to wait until they were recognized as valuable multipurpose species in 
South East Asia. In West Africa, Triplochiton scleroxylon provides another interesting 
example of the possibility to add to the diversity of species to be planted by using 
formerly neglected indigenous species. Other valuable trees have also been indicated 
for 'domestication' (Leaky et al., 1982). 
Relieving the pressure on native forest: Leitmotiv for tropical foresters 
The most important measure to safeguard biological diversity in tropical forests is 
to avoid by all possible means the disappearance of the last remnants of natural 
forests. In this endeavour, plantations can and should play a decisive role in producing 
goods and services for the industries and the farmers, and in restoring fertility of 
already degraded lands. It has often been suggested, for instance, that the enormous 
extension of unproductive Imperata grasslands (the 'alang-alang' of Indonesia or 
cogonales of the Philippines) could be 'recuperated' and fertility restored by planting 
trees. Perhaps legumes established from large cuttings so as to shade out the grass 
would be appropriate to this goal. Such efforts in reducing the pressure on natural 
forest by establishing compensatory plantations at the industrial, village and private 
level should receive the utmost publicity and support (Spears, this volume). Indeed this 
is already happening, if one compares international cooperation and expenditure for 
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tree planting 20 years ago with the present. On a similar basis, many publications have 
recently appeared focusing on some of the most provising species for reforestation 
such as Leucaena, Casuarina, Acacia and Calliandra (National Research Council, 
1983 a, b, c). 
But leaving options for the future may also imply management of the most suitable 
types of natural forests on the basis of sustained yields (Carpenter, 1981; 
UNESCO/UNEP/FAO, 1978), especially certain secondary forests that respond ex-
tremely well to silviculture treatments, such as judicious opening to favour valuable 
species. On these aspects, little research is going on in the tropics, although this trend 
seems to be changing. A lengthy publication by a foremost tropical forester (Briinig, 
1980) on management of natural forest is now widely used in Spanish Latin America. 
Other developments are a much greater emphasis than ever before in research and 
training institutions to management of natural forests (Wadsworth, 1975). 
In regard to forestation the greatest appeal at present is to promote community 
forestry, with multiple-use species, a movement sanctioned by FAO in its last three 
world congresses. Besides basic commodities such a firewood, poles and fodder, 
species that fix nitrogen and are qualified as multiple-use receive special attention. 
Agroforestry, adaptable to multiple conditions and favoured by the experience of 
countless generations of farmers throughout the tropics, appears to be particularly 
timely in this context. 
But there is one fallacy deserving a special word of caution that needs to be il-
lustrated: the tendency to extend plantations, be they for industrial purposes, for 
several communities, or for agroforestry, into ever more marginal land, climatically, 
edaphically or because of slope. Carried away by ongoing enthusiasm to promote tree 
plantations, large and costly programmes may be engineered in areas where rainfall 
is erratic or excessive, where soils are extremely poor in nutrient reserves or where the 
erosion hazard is high, unless careful remedies are applied before it is too late. This 
was eloquently pointed out by Lundgren (1980) in his extensive review of plantations, 
not as a déterrant to plantations but to avoid failures. 
Foresters in the next decade may well have to resist pressures for large-scale planting 
programmes that have a dim chance of achieving their aims. The world's best sites for 
successful planting are precious few and they are probably dwindling in area, because 
of soil degradation. The correct evaluation of sites and predictions will be one of the 
major challenges to plantation forestry in the future. But the rewards of success will 
reconcile biological diversity with plantation, because biological diversity is essential-
ly the protection and adequate management of the last 'remnants' of the incredibly 
rich and genetically valuable tropical forests, a legacy transmitted to us over millions 
of years but which is presently disappearing at a terrifying rate. 
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Summary 
Brazil is the fifth largest country in the world with an area of 851 million hectares. As a result 
of fiscal incentives for reforestation and the availability of land, the area of man-made forest 
plantations increased from 500 000 ha in 1964 to 4 500 000 ha in 1982. These plantations sup-
port national programs to stimulate a strong export of pulp and paper, charcoal production for 
the pig-iron industry and an energy program directed to substitutes for imported oils. Most 
plantations have been established in the south and south-east of the country; they consist mainly 
of the exotic species Eucalyptus and Pinus. Their yields range from 10 to 60 m3 ha _ ' a ~ \ de-
pending on the region and the system used for plantation establishment and maintenance. To 
increase yields and to maintain site productivity, a joint research program is carried out by 
EMBRAPA and IBDF in cooperation with state research institutes and universities. 
Keywords: Industrial forest resources, forest policy, fuel plantations, forest management 
Résumé 
Les plantations de production industrielle au Braisil: Les possibilités et les contraintes 
Le Braisil est le cinquième pays du monde avec une superficie de 851 millions de hectares. A 
la suite des stimulants financiers pour le reboisement et de la disponibilité de terrains, la super-
ficie des forets créées par l'homme est augmentée depuis 1964 de 500 000 ha à 4 500 000 ha en 
1982. Ces plantations sont une source importante d'exportation de la bois de pâté et du papier, 
de production du charbon de bois pour les aciéries, et finalement de production de l'énergie en 
tant que remplacement pour l'importation de fuel. Les plantations sont basés sur des espèces 
exotiques de l'eucalyptus et du pin. Ces espèces sont plantées principalement dans le sud et le 
sud-ouest du pays. La production varie de 10 à 60 m3 ha "1 an " '; cela dépend de la région et 
du système de plantation et aménagement employé. Afin d'augmenter la production et 
maintenir la production de la terre, un programme de recherches est réalisé par EMBRAPA et 
IBDF avec la coopération des institutions de l'état et les universités. 
Introduction 
Brazil is the fifth largest country in the world with an area of 851 million hectares. 
It extends 3 770 kilometres from latitude 5°Ntot33°S and a similar distance from east 
to west. The climate ranges from the humid tropics of the Amazon Basin to the semi-
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arid tropics of the north-east and the subtropical and temperate climates of the central 
and southern regions, respectively. In 1980, the population was estimated at 120 
million, of which 60% was concentrated in the south and south-east of the country. 
The population density varies from 0.6 per square kilometre in the north (Amazon) 
to 114 persons per square kilometre in the southern State of Rio de Janeiro (Fig. 1). 
Over 56% of the population lives in urban areas. Between 1960 and 1979, the popula-
tion grew at an average rate of 2.9% per year. 
Forestry plays a significant role in the Brazilian economy. The contribution to the 
gross domestic product was estimated at 6% in 1979 (Brazilian Institute for Forestry 
Development, 1979). The export of wood products were valued at US $ 980 million 
in 1980, US $ 1 037 million in 1981 and about US $ 786 million in 1982. For 1982, this 
Atlantic 
Ocean 
Fig. 1. Forest areas in the five geographical regions of Brazil. NF, natural forests; R, 
reforestation. 
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corresponds to 3.9% of total Brazilian exports. About 57% of the wood exports con-
sisted of short-fibred pulp, this product ranked 16th in the list of Brazilian exports in 
1979. 
Wood is also major source of energy. Although the share of wood in the total 
primary energy consumption has been declining from 42% in 1960 to 23% in 1977, 
it still accounts for a total consumption equivalent to 118 million cubic metres of 
roundwood per year. Charcoal is one of the major products of wood for fuel. It is ex-
tensively used as a heating and reducing agent in the steel industry. At present, it is 
used for the annual production of 3.6 million ton of pig-iron, which corresponds to 
45% of the total national pig-iron production. 
Forestry is also important for the generation of employment. In 1970, 2.5% of the 
economically active population was engaged in forestry and in 1975 3.0%. Based on 
a planting rate of 400 000 ha/a, the unskilled labour requirement of about 60 000 men 
can be estimated. This figure refers to plantation establishment only, if plantation 
management, wood harvesting and transport and industrial processing are included 
as well, the reforestation activities can generate over 300 000 permanent jobs. 
Government programmes to stimulate reforestation 
Around the middle of this century, the natural forest resources of the developed 
South and South-East regions of Brazil were heavily depleted. Large areas of forest 
had been cleared for agriculture, grazing or as a result of unregulated exploitation of 
lumber and raw material for the charcoal used in the steel industry. In the State of Sao 
Paulo, the most developed state in Brazil, 8 million hectares of forest were cleared bet-
ween 1920 and 1962. It was also in that state, that effective reforestation started, 
because of a private railroad company's need to replace the diminishing fuelwood 
supply from natural forests. Plantations of significant size were only established after 
1910. In 1962, such reforestation activities were still incipient and the total area of man-
made plantations still totalled less than 500 000 ha. However since that time, the 
government has determined that a stimulus to reforestation is necessary to improve the 
bleak situation of the native forests in order to establish a sound supply of raw 
materials for the existing forest industries as well as for the planned expansion of pulp 
and steel production for domestic and external markets. In 1966, a fiscal incentive law 
was enacted to stimulate reforestation. 
After numerous modifications, the fiscal incentives legislation now benefits com-
panies established in Brazil by allowing up to 25% of income tax due, to be applied 
in afforestation of reforestation projects approved by the IBDF. The projects to be ap-
proved have to be situated in specified priority regions or industrial forest districts. 
Fiscal incentives cover the total cost of the project, excluding land purchase, from 
establishment and through three years of stand maintenance. Beginning in 1983, 5 to 
20% of the total cost must be covered by companies for areas varying from 200 up 
to 4000 ha, except below 200 ha. 
As a result of legislation, reforestation in Brazil accelerated rapidly. From the total 
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of 500 000 ha planted through 1964, the reforested area increased to about 4.5 million 
ha in 1982 with new areas being established at a rate of more than 400 000 ha/a in the 
last three years. 
In addition to this fiscal incentive program, the government also stimulated 
reforestation within the scope of a National Pulp and Paper Program and National 
Steel Development Program. 
In 1974, the Brazilian Government announced its National Pulp and Paper Pro-
gram based on areas of planted forests. Its objectives are to achieve national self-
sufficiency in pulp and paper production and to export 2 million tonnes of pulp in 
1980 and 20 million tonnes in the year 2000. As a result of this Program, Brazil has 
already become self-sufficient in pulp production. The total exports of pulp for 1981, 
however, were estimated at 1 million tonnes. This production shortfall for 1981 was 
due to reduced investments in the past few years as a result of poor international 
markets for pulp and paper. 
The National Steel Development Program originated from the Government's desire 
to greatly increase steel production and exports. Charcoal's role as a heating and 
reducing agent will increase substantially to reduce Brazil's dependence on imported 
mineral coal and coke. Over 40% of all pig-iron produced in Brazil is charcoal-based. 
The State of Minas Gerais, where the charcoal steel industry is concentrated, produc-
ed, on average, 85% of the Brazilian charcoal pig-iron between 1968 and 1978. For the 
whole country, a wood volume of about 33 millions cubic metres will be required to 
produce 20.6 million cubic metres of charcoal needed in 1985. 
Plantation characteristics 
The success of the government-reforestation programmes can be attributed to the 
relatively high yields of the planted forests, low labour costs and low prices for land. 
The high productivity has been achieved by giving preference to planting fast-
growing exotic species of the genera Eucalyptus and Pinus (Golfari, 1978; Simoes et 
al., 1976). The availability of seed contributed to the choice of these species. 
Eucalyptus plantations financed through the fiscal incentive system covered over 2.5 
million hectares by 1982, and Pinus over 2.0 million hectares. The South-East region 
had 73.8% of this area and the State of Minas Gerais alone has 47% of all Eucalyptus 
plantations in Brazil. Pines are more widely planted in the South. The States of Parana 
and Santa Catarina have 31.3% and 21.0% of the planted pine area, respectively. 
The most wideley planted species are Pinus elliottii, P. taeda and Eucalyptus 
viminalis in the South. The subtropical native Araucaria angustifolia (parana or 
Brazilian pine) is planted only in limited amounts and accounts for about 2% of the 
total area planted with incentives. Its requirement of fertile soils and its slow growth 
rate limit its planting in comparison with introduced pines. In the South-East, the 
most commonly planted species are Pinus oocarpa, P. caribaea ^ varieties hondurensis, 
bahamensis and caribaea), P. patula, P. strobus var. chiapensis, Eucalyptus saligna, 
E. grandis, E. urophylla, E. citriodora and E. tereticornis. Native species have been 
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supplanted mainly because of their low growth rate and also because more studies on 
seed production, silviculture, and management are needed. However Mimosa 
scabrella is a species being recommended for reforestation and natural regeneration 
in the South. 
The Eucalyptus plantations form an essential resource in the National Steel 
Development Program; they are expected to provide 36% of the wood needed for char-
coal production. The establishment of eucalypt plantations include complete site 
preparation, fertilization and weed control. More common spacings are 2 m x 2 m, 
2 m x 2.5 m, 3 x 1.5 m and 3 m x 2 m. The most common rotation is 21 years, divided 
into three coppice periods of 7 years; harvesting at the ages of 7,14 and 21 year is done 
by clear-cutting. This practice can be applied because stumps sprout profusely after 
cutting. This widely used system concentrates on maximum wood production for 
pulp, fibreboard and charcoal. For the planned production of charcoal only, around 
700 000 ha of these plantations will be needed, assuming an average yield of 15 m3 
h a - ' a - 1 . 
Management practices for conifers are similar to Eucalyptus and include pruning 
and thinning as opposed to clear-cutting and coppicing. Pulpwood and other small 
roundwood thinnings are first made around 8 years of age and repeated several times. 
Optimum final rotation age is estimated at between 25-30 years for sawlogs. 
Yields of man-made plantations in Brazil depend largely on the management prac-
tices adopted. However, the potential is tremendous because of the climatic and soil 
conditions. Growth rates of pine, for example, may exceed 30 m3 ha " 1 a ~x and 
Eucalyptus yields above 60 m3 ha ~* a ~~1 are possible in plantations with good site 
preparation, fertilization, improved seeds, and weed and ant control. 
Despite the tremendous yields attainable, the Brazilian average, estimated at 15 m3 
ha~ J a~1, is far below the ones mentioned. Poor planting practices, lack of concern 
for end-use of wood in many government-financed plantation projects, and the scarci-
ty of improved seeds of recommended species and provenances are the main reasons 
for the observed low growth rates. Production of good quality seed material is not suf-
ficient. It is estimated that 69 and 60% of the total respectively needs of Eucalyptus 
and pine seeds were imported in 1978. High productivity gains can be obtained by tree 
improvement through the large variations in growth rates between individual trees of 
the best tested species and provenances. 
Fertilizers become a constraint in the future. It has been shown that 100 to 200 g 
per seedling of fertilizer with N 100, P 280 and K 60 g/kg at planting time increased 
growth of Eucalyptus by half or more. However, as prices of fertilizers increase, the 
amount that can be economically applied decreases. Therefore, new sources, applica-
tions times and ways of application have to be studied. Research on progenies and 
species or provenances capable of a better response to poor soils and fertilizers is also 
urgently needed. 
It will also be necessary te develop a new approach for wood production in longer 
rotations. New systems should combine early production of fuelwood and roundwood 
for industrial uses aiming at a short-term cash income with medium-term and long-
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term production of high-value poles and saw logs. These systems should also be con-
cerned with soil protection and nutrient cycles. 
A strong research program is being carried out by the National Forestry Research 
Program of the Brazilian Agricultural Research Enterprise (EMBRAPA), and IBDF, 
universities and private sector professionals, which is expected to improve yields vastly 
through species and provenances selection and genetic improvement. Yields can be in-
creased economically by using improved seeds, better site preparation and fertilizers. 
In the near future, the average productivity of plantations should increase by as much 
as half. 
Prospects and constraints in Brazilian forestry 
Despite one of the largest reforestation programs in the world, Brazil must greatly 
expand its planting efforts to meet its own needs, to meet projected export goals for 
wood products and to preserve remaining natural forests. The yields will have to be 
increased to keep the cost of wood production low. Strong emphasis has to be given 
to development of forests for energy use because of the worsening oil crisis and 
resulting poor balance of payments. Decisions about land-use and forest utilization 
in the Amazon Basin also have to be made as soon as possible to increase wood pro-
duction without damaging or reducing the resource base. In the semi-arid and arid 
regions of the North-East increased wood production is necessary for fuelwood, fence 
posts, poles and timber for light construction. Forestry development to generate in-
direct benefits such as watershed and soil protection has to be considered specially in 
the South and South-East regions. These are the main challenges facing the Brazilian 
forestry sector. 
For energy supply, the contribution of firewood and charcoal for industrial sector, 
service sector and domestic applications has already been noted. Over 77% of all 
wood used in Brazil is fuelwood burned directly or converted to charcoal. As substitute 
for fuel oil consumption, reforestation efforts will have to be redoubled since native 
forests of South, South-East and North-East, and existing plantations cannot satisfy 
the demand. The pulp and paper industry has already made an agreement with the 
Government on this matter and will replace over 80% of its fuel-oil consumption by 
biomass and industrial wood residues by 1985. 
To expand reforestation, several new efforts are being undertaken. New regulations 
have been put into effect to correct economic and institutional distortions of the 
original fiscal-incentive legislation. Better selection of companies and priority to ver-
tically integrated projects should increase the success and productivity of plantations 
established under this scheme. 
A reforestations program for small and medium landholdings in Brazil has been 
under way for three years and is being expanded. It is financed by the National 
Petroleum Council and envisages wood production for local fuel needs. However it 
has to be hastened and should be established mainly in marginal lands of the more 
developed regions of Brazil. 
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A credit system with special periods of grace and low interest to accommodate 
forestry's risks and long periods of repayment is being suggested as an alternative or 
complementary to fiscal incentives. 
Another large-scale program to produce wood alcohol (ethanol and methanol) is 
also under development to complement large-scale sugar alcohol production as 
substitute for petroleum-based liquid fuels. The IBDF through the joint private and 
governmental COALBRA Company will build three acid hydrolysis plants with daily 
production capacity of 100 000 litres of ethanol each. The Sào Paulo Electrical 
Company is also developing techniques to produce methanol from wood. In the State 
of Mato Grosso do Sul, three plants are being built each to produce 100 000 litres of 
methanol per day. Two imported production lines and one nationally developed 
technique will be tested to assess the suitability of ethanol production from Eucalypt 
wood in comparison to its production from other resources such as sugar-cane. 
Sustained management of the 'cerrado' and other forests of the South-East for fuel 
and charcoal has been suggested. The 'cerrado' has traditionally supplied most of 
Brazil's charcoal for its steel industry but always on an extractive unsustained basis. 
However the natural forest of the South-East are depleted and should not be exploited, 
mainly because there are no sound experimental data on sustained management. 
Substantial research is needed to obtain information for management of such forests. 
Wood supply will also be augmented by newly planted forests for fuel. Yields will also 
be significantly increased to reduce total investment costs of reforestation. An increase 
of 50% in the average yield of the Brazilian planted forest is entirely feasible. This 
would reduce land purchase, planting and maintenance costs by 33%. 
The new plantations need to be financed either by continued fiscal incentives or by 
special financing programs to encourage investment in man-made forests by the 
private sector. The new plantations, however, should be established in technically zon-
ed areas according to the proposed end-use of the wood. Zoning should also take into 
consideration the markets and seed availability of the recommended species. Special 
emphasis should also be given to distances to markets. 
A great deal of research is needed to support these programs. A 1980 survey on 
forestry research listed 1366 trials and projects in silviculture, genetics, management 
and seed production in Brazil. They dealt mainly with Eucalyptus and pine plantations 
in the South and South-East. Emphasis, however, is shifting to research on silviculture 
and on management of the Amazon rain forests, though more is still needed. 
Forest research is largely centered in the National Forest Research Program (PNPF), 
the Forestry School at Piracicaba, Viçosa and Curitiba, and the State Forest Institutes 
of Minas Gerais and Sào Paulo. PNPF, as already noted, is a joint program of IBDF 
and EMBRAPA working through a network of research centres and experimental sta-
tions established in ecologically distinct zones of Brazil. 
Though the problems and challenges of the sector are great, forestry is considered 
to be one of the means for national economic development of the nation. The 
renewability of the resource and the variety of techniques used (from simple sawmills 
to highly sophisticated pulp and paper mills and wood chemical plants) makes it a 
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useful vehicle for sustained economic development in Brazil. It is expected that the in-
tensive research efforts under way will greatly improve forestry's present and potential 
contribution to Brazil's development. 
References 
Brazilian Institute for Forestry Development, 1979. Guidelines for Brazilian forestry policy, 
period 1979-1985. Ministry of Agriculture, Brazil, 26 pp. 
Golfari, L., 1978. Zoning for reforestation in Brazil and trials with tropical eucalypts and pines 
in Central Region. Technical Report No. 12. Project BRA/76/027 UNDP/FAO. Brasilia, 72 
pp. 
IBDF, 1983. Inventârio Florestal Nacional. Departamento de Economia Florestal, IBDF. 
Brasilia, 36 pp. 
Nyyssonen, A., 1978. Inventories for Amazonian forestry development. Technical Report No. 
8. Project BRA/76/027, UNDP/FAO. Brasilia, 35 pp. 
Potma, H.L., S. Kengen & M.R.A. Alpende, 1976. Uma anâlise estatistica da atual situaçâo 
florestal Brasileira. Série Técnica No. 9. PNUD/FAO/IBDF/BRA-45. Brasilia, 68 pp. 
Simöes, J.W., R.M. Brandi e J.R. Malinovsky, 1976. Formaçào de florestas com espécies de 
râpido crescimento. Série Divulgaçâo No. 6. PNUD/FAO/IBDF/BRA-45. Brasilia, 
74 pp. 
136 
Strategies for forestry development in the semi-arid tropics: 
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Summary 
A wide range of forestry projects have been launched in the semi-arid Sahelian zone of West 
Africa over the past decade. Important lessons are beginning to emerge from these efforts. 
Following an introduction to the region, including identification of key features affecting 
forestry development and a brief overview of the role of forests and forestry, the paper outlines 
strategies adopted for forestry development and reviews the results to date of various com-
ponents of these strategies. Using this analysis and the lessons learned as a point of departure, 
the paper then explores future directions for forestry strategy, identifying areas for priority at-
tention and sketching a more holistic approach to rural production systems that should serve 
to place both future forestry programs and specific forestry interventions on a sounder footing. 
Keywords: Forest policy, forest management, forest administration, forest plantations, social 
aspects forestry, arid zones 
Résumé 
Stratégies pour la foresterie dans les régions tropicales semi-arides: Expérience à tirer du Sahel 
Ces dernières années, un grand nombre de projets forestiers ont été lancés dans la zone semi-
aride sahélienne d'Afrique occidentale. On peut commencer à tirer des leçons importantes de 
ces efforts. Après une présentation de la région, comprenant un relevé des facteurs clés affectant 
les programmes forestiers et un court exposé du rôle des forêts et de la foresterie, cet article expli-
que les stratégies adoptées pour les programmes forestiers et passe en revue les résultats acquis 
jusqu'à ce jour, les différents composants de ces stratégies. En se basant sur cette analyse et sur 
les leçons précédentes, l'article envisage les directives à donner aux stratégies forestières à venir, 
détermine les thèmes méritant une attention particulière, et propose une approche inter-
disciplinaire basée sur des systèmes de production rurale, dans le but d'assurer une base plus 
solide aux programmes forestiers à venir. 
* The views expressed in this paper are those of the authors and do not necessarily represent 
the views of either the U.S. Agency for International Development or the Ministry of Rural 
Development of the Republic of Mali. 
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Introduction 
A wide variety of forestry projects have been launched across the Sahel in recent 
years, part of the broader development assistance program set up by Sahelian govern-
ments and international foreign assistance organizations in response to the most re-
cent drought in the region. Although many of these efforts are less than five years old, 
there are already important lessons that can be drawn from experience to date: lessons 
that in the Sahel are leading to a period of careful reflection and review that will in 
turn lead to new approaches to forestry development; lessons that may well have im-
portant implications for forestry development both elsewhere in the semi-arid tropics 
and in other parts of the world. 
Only a brief review of forestry strategy and experience in the Sahel will be possible 
in these pages. After describing the region and outlining the role of forests and forestry 
in this semi-arid part of West Africa, the paper will outline strategies used in forestry 
development in the Sahel, review initial results of those strategies to date, and sketch 
the types of reorientation that will be needed to place future sector development on 
a sounder footing. 
The Sahel: Bioclimatic zone and political region 
The Sahel is an area subject to a number of potentially confusing and contradictory 
definitions. In its strictest sense the term refers to a distinct bioclimatic zone that stret-
ches from Mauritania across Africa to the Red Sea and lies between the true Sahara, 
to its north, and the savanna or Sudan zone to its south. As such, it forms a cummer-
bund along the southern fringe of the Sahara. In its more widely used political sense, 
the term refers to those countries that lie along the southern fringe of the Sahara, 
countries that encompass a range of bioclimatic zones ranging from true desert (the 
Zone Saharienne in standard French parlance, with less than 200 mm of average an-
nual rainfall) through the Sahel and Sudan zones to the Sudano-Guinean woodland 
(Zone Soudano-Guinéenne with an average annual rainfall greater than 1200 mm) 
(Fig. 1). There is, in addition, a more restricted definition of the term used to refer to 
the eight countries that joined together in 1973 to form CILSS: Comité Permanent 
Interérat de Lutte Contre la Sécheresse dans le Sahel: Cape Verde, Gambia, Senegal, 
Mauritania, Mali, Upper Volta, Niger and Chad. It is this Sahel that will be the subject 
of the examination of strategies for forestry development that follows. 
Ecological zones and production systems: The basis for forestry interventions 
As noted above, the Sahel defined as a political region includes a number of distinct 
bioclimatic zones. As indicated in Figure 1, these tend to fall in roughly parallel bands 
across the region. Each zone can be characterized in general terms using climatic and 
biogeographical parameters that are tied principally, although not exclusively to rain-
fall that ranges from near zero in the Sahara to well over 1500 mm in the high forest 
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Fig. 1. Political region and bioclimatic zones in the Sahel. 
isohyets. 
political region; 
zone along the West African coast (Aubreville, 1950; Condé-Wane, 1983; CILSS, 1981 
a, b; 1982 a, b, c, d; Sénégal, 1981). Rural production systems in the region are in a 
broad sense tied to these bioclimatic zones, with pastoral production predominating 
in the drier northern zones, mixed farming in a transition zone, and rainfed agriculture 
further south. However, at the same time man has exerted a marked influence on 
Sahelian vegetation, particularly through the use of fire and the selective retention of 
certain species as an integral part of agricultural production systems. (See Pullan 
(1974) and Pélissier (1966, 1980) on 'farmed parkland' and 'les formations anthropi-
ques', and Soumaré (1981) and Penning de Vries (1982) on the role of fire.) The role 
of forests and forestry varies according to ecological zone and production system. 
Strategies for forestry development must, as a result, be tailored to these important 
differences. 
Variability and heterogeneity: Key parameters f or development planning 
Superimposed over the general patterns outlined above are two additional features 
of the Sahel that should play a key role in development planning: variability and 
heterogeneity. Variability is most clearly seen in rainfall - the principal determinant 
of vegetative composition and, by extrapolation, the human uses thereof that form the 
basis of the production systems across the region. The development potential of the 
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area is limited not only by low rainfall, but also by extreme variability in time and 
space. The variability at individual stations ranges from 15% in the southern areas to 
over 50% in the arid north. At the same time rainfall is spotty, with 40 or even 50% 
of the individual stations receiving below-normal rainfall, even in a 'normal' year. 
Other important characteristics of rainfall are the tendency for the number of below-
normal years to exceed the number of wet ones (with the 'mean' rainfall inflated by 
a few extremely excessive years); the occurance of rainfall in the warm season when 
evaporation is greatest; and the persistence of abnormal high or low rainfall conditions 
over a multi-year period which may persist for one or even two decades (Nicholson, 
1982; NAS, 1983a). 
The second feature, heterogeneity, is derived from a variety of factors including: the 
variability in rainfall noted above and its impact on both the natural and human en-
vironments, the mosaic of the physical environment when examined at a micro-level 
and, perhaps most importantly, the social mosaic of ethnic and occupational groups 
overlayed on the other two features that both influences and is profoundly influenced 
by the physical environment. Both of these features, variability and heterogeneity, set 
important boundaries for the types of strategies that are appropriate for forestry 
development in the Sahel. 
The role of forests and forestry in the Sahel 
Forests (i.e. trees and shrubs in various steppe and woodland formations as well as 
closed forest formations) play a wide range of important roles in the Sahel. In addition 
to their multi-dimensional protective function, they have an important role in the 
economies of the region. Principal contributions include: fuelwood and charcoal 
(representing some 90% of the energy consumed across the Sahel), building poles and 
construction timber, significant elements of both human and animal nutrition, 
medicinal plants and a range of other non-wood products (Busson et al., 1965; 
Delwaulle, 1977 a, b; IDRC, 1980; Le Houérou, 1980; Poulsen, 1981; Taylor, 1983). 
An important feature of many tree species in the Sahel is that they serve multiple 
uses simultaneously. Much work remains to be done to adequately quantify the diverse 
contributions of these many species. Initital indications, for the most part subjective, 
are that the overall contribution has been substantially underestimated in the past. A 
few figures that allow for order-of-magnitude comparisons are beginning to surface. 
For example, there is a recent indication, that in Upper Volta the retail value of 
fuelwood sold in 1980 was almost double the value of the country's major export, cot-
ton (CILSS 1982 a, e). In Mauritania it has been estimated that the value of wood con-
sumed on an annual basis is equivalent to the value of all agricultural produce, in-
cluding fish (CILSS, 1982e). At the same time FAO calculations in 1981 indicated that 
the value of fuelwood and charcoal to the national economies of Mali and Upper Volta 
measured as a percentage of GDP was 8 and 11% respectively (Wardle & Palmieri, 
1981). Among the implications so far as forestry strategy is concerned: the wide-
ranging roles of trees and forest cover dictate a strategy of considerable breadth and 
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flexibility in which the multiple uses of many species is seen not simply as an in-
teresting feature but as an essential component of most forestry interventions. 
Strategies for forestry development in the Sahel to date 
Strategies 
Forestry development in the Sahel in the years following the most recent drought 
have been based primarily on two inter-related concerns: a concern about 'desertifica-
tion' or environmental degradation on the one hand and a concern about meeting the 
energy needs of Sahelian populations on the other. Given that fuelwood is the energy 
source used by the overwhelming majority of that population and that forestry has 
been viewed as having a special role to play in the 'battle' against drought and deser-
tification, trees have stood at the center of both of these concerns. 
Many and varied have been the strategies proposed for forestry development in the 
Sahel in recent years: a trans-Sahel Greenbelt to stop the advancing sands, shelterbelts 
around major towns to offer them protection, aerial seeding to restore vegetative cover 
on a wide scale, the harnessing of natural seed-dispersal processes (from wadis to wild 
antelope) to promote rehabilitation. It would not be far from the truth to state that 
virtually every conceivable strategy has been proposed by someone at one time or 
another over the past decade - each strategy with its proponents, many of them with 
funding for at least a pilot effort. Fortunately, some of the more questionable and 
costly of these schemes have been avoided, the trans-Sahel Greenbelt, for example, an 
idea that made neither technical, economic nor social sense however compelling the 
visual image of a line of trees stopping the 'advancing desert'. Many of the other ideas 
have been tried, with results ranging from excellent through questionable to downright 
counter-productive. 
So far as formal sector strategies and planning are concerned, a distinction needs 
to be made between the national and regional levels. At the national level, careful for-
mulation of strategy or delineation of a sector plan have, until recently, been the excep-
tion rather than the rule. In most cases reliable data upon which sound planning must 
be based has been unavailable and plans, to the extent that they existed, have consisted 
primarily of a listing of projects for which external funding was being sought. There 
has been, and in some cases continues to be, an uneasy balance between what national 
Forestry Departments thought ought to be done and what particular donor organiza-
tions were willing to fund. As will be examined in greater detail below, the latter has 
played a central role in determining de facto strategy. 
At the regional level, CILSS has been active in the development and refinement of 
formal sector strategies since its creation in the mid-1970's. A series of regional 
meetings, involving national Forestry Department representatives along with a cross-
section of expatriate advisors and donor organization representatives, have wrestled 
with questions of what should be done and how. Notable among these: 
- the CILSS/UNSO/FAO consultation in 1976 on the Role of Forestry in a 
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Rehabilitation Programme for the Sahel (CILSS, 1976); 
- the CILSS preparation of a 'Programme Régional Pour la Satisfaction des Besoins 
en Produits Forestiers et de Lutte Contre la Désertification au Sahel' in 1977 with four 
sub-programs: wood production, integrated agrosylvopastoral production and soil 
conservation, wildlife conservation and utilisation, and training and research (CILSS, 
1977); 
- the CILSS 'Forestry/Ecology' Working Group Meeting in Niamey in June 1979 in-
cluding a paper on elements for a forestry strategy (J. Keita, 1979) resulting in a revised 
CILSS strategy with two principal components: "renforcement de la structure de 
planification" and "opérations ponctuelles" with the latter including six sub-
programs: (1) planification, (2) lutte contre la dégradation des sols et du biotope, con-
servation des eaux et sols, (3) opérations d'aménagements intégrés agrosylvopastoraux 
et de la faune, (4) foresterie - production de bois et d'autres produits forestiers, (5) 
énergie - meilleur usage du bois et énergie de substitution, and (6) recherche, forma-
tion et éducation (CILSS, 1979); 
- the CILSS/UNSO/Club du Sahel meeting in Dakar in November 1979 which 
prepared and adapted a Desertification Control Programme for CILSS Member 
Countries (Plan de Lutte Contre la Désertification dans les Pays Membres du CILSS) 
integrating previous proposals and adding elements of the UNEP Action Plan 
(CILSS/UNSO 1979) 
The strategies that were developed as a result of all of this were invariably broad 
documents encompassing a disparate gamut of environmental, forestry and energy-
related concerns all tied to CILSS central concerns of food self sufficiency and en-
vironmental rehabilitation. 
While the outlines of sector strategy were sweeping, and the project proposals 
prepared for funding that constituted the substance of these strategies tended to-be 
equally disparate, program attention (i.e. projects funded) tended to be heavily 
weighted in certain directions at the expense of others. Of the six sub-programs outlin-
ed in the revised CILSS strategy, the fourth (forestry/wood production) received the 
overwhelming majority of project funding. Sub-programs for planning, improved 
energy utilization/substitution, and research and training - all areas which in 
retrospect should have been given substantially greater relative emphasis particularly 
at the beginning of sector support efforts - were all well down the list with research 
and training at 5% of overall funding, energy utilization/substitution at 0.7% and 
planning at 0.3% (Fig. 2). 
Viewed from a slightly different angle, forestry programs implemented across the 
Sahel to date have revolved around four principal themes: increasing the production 
of wood and wood products with primary attention to fuelwood, reducing consump-
tion, improving utilization, and developing alternative energy sources with an em-
phasis on renewable sources. 
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Fig. 2. Distribution by sub-program of financing for CILLS' 1st generation'Forestry/Ecology 
projects'. FOR, forestry & wood production; AMI, integrated agroforestry & wildlife manage-
ment; CES, soil & water conservation; RFE, research, education & training; ENG, improved 
energy utilization; PLA, planning, (after CILLS, 1980). 
The analysis of results to date: Basis for a revised approach 
A wide range of forestry projects, funded at a level on the order of $ 160 million, 
have been launched across the Sahel over the past seven years (Weber, 1982). Early in 
1981 the CILSS/Club set in motion a process designed to review forestry sector pro-
grams on a systematic country by country basis. As a result, a series of Country Bilan-
Programme documents are now availabe (CILSS, 1981 a, b; 1982 a, b, c, d). In addi-
tion, a number of special studies were commissioned on issues of central importance 
to sector development across the region including: recurrent costs, the economics of 
forestry projects, forestry research, rural land use, local participation, and natural 
forest management (Catinot, 1982; Morel & Pajor, 1982; Thomson, 1983; Bah, 1983; 
Jackson et al., 1983). At the same time, a wide range of other studies and analyses on 
various facets of sector development have been prepared over the past few years (J. 
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Keita, 1980; Winterbottom, 1980; Sénégal, 1981; Taylor, 1981; Bailly et al., 1982; 
Weber, 1982; M. Keita, 1982; Winckler, 1982). Parallel to all of this, project evaluations 
have begun to address some of the same questions in a more detailed project-specific 
context (for example Freeman et al., 1983). 
As a result of all of this it has beccome increasingly clear over the past few years 
that initial expectations about the sector program were unrealistic and that the con-
traints to be overcome were both more numerous and more complex than was original-
ly expected. Experience to date, tied to the four themes outlined above, may be sum-
marized as follows: 
Increasing production: A range of options 
Various approaches have been tried aimed at increasing the production of fuelwood 
and, in some cases, other forest products. Among them: large-scale rainfed planta-
tions designed to meet urban needs, irrigated plantations, rural forestry and natural 
forest management. 
Large-scale rainfed plantations Following the most recent drought, Sahelian govern-
ments and donor organizations alike placed great hope, considerable emphasis, and 
substantial sums of money into the establishment of large-scale rainfed plantations 
of 'fast-growing' exotic species designed to help meet the rapidly growing demand for 
fuelwood and other wood products. Many of the assumptions on which these efforts 
have been based have, over the years, been called into question: 
- The exotic species planted in such projects have in most cases performed not nearly 
as well as expected, in some cases only marginally better than the natural 'bush'. This 
is particularly true for Eucalyptus spp., the workhorse of such schemes, in areas with 
less than 1000 mm annual rainfall. The plantations at Bandia in Senegal are an instruc-
tive case in point: Eucalyptus camaldulensis planted at a cost of $ 800/ha is estimated 
to be producing 1.5 m3 ha~1 a"1 whilethe native Acaciaseyal forest, bulldozed at such 
great cost to plant Eucalyptus, has now been measured to be producing between 0.8 
m3 and 3.2 m3 ha ~l a ~ * with an average annual production of between 1 -1.5 m3 ha "1 
a - 1 under no management (Freeman et al., 1983). 
- The costs of this type of intervention have soared due partly to rising oil prices and 
partly to the fact that lower-then-expected production levels must now shoulder the 
full cost of plantation establishment and maintenance. 
- The benefits foregone by clearing natural vegetation to plant exotics has turned out 
to be substantially higher than originally calculated (Terrible, 1981). 
- In some cases adequate market studies have not preceeded plantation establish-
ment and the sale of resulting production may be considerable more difficult than 
originally estimated. A case in point: a project in Upper Volta where 17 000 stères 
(8 500 m3) of wood obtained as a result of land clearing for a plantation scheme are 
lying rotting by the roadside 80 km from Bobo Dioulasso with fuelwood traders un-
willing to purchase and transport it to market even on highly concessional terms 
144 
(Jackson et al., 1983). 
- Governments have found it difficult to meet recurrent costs, leaving plantations 
unmanaged once funding for the projects that established them has run out. 
- The absorptive capacity of Sahelian Forestry Departments measured in terms of 
the number of hectares they have been able to plant and maintain per year has proven 
to be below the mimimum projected to be required if future demands for fuelwood 
and other forest products are to be met (CILSS, 1982e). 
As a result of these many different factors, other possibilities designed to help meet 
fuelwood and other wood product needs began to get increased attention. Among 
them: rural forestry, irrigated plantations, and more recently natural forest 
management. 
Rural forestry Attempts at rural forestry in the Sahel are not new. More than half 
a century ago Aubreville noted that 73 ha of 'petits boisements' had been planted in 
villages in what is now the Third Region of Mali. This effort instigated by forestry 
agents attached to the colonial agricultural service, predates the formation of a Forest 
Service in 1937 (CILSS, 1982b). Scattered efforts at rural forestry continued across the 
region during the colonial period. Following independence, renewed attention was 
given to rural reforestation in some countries. In Mali, for example, the government 
undertook a widespread campaign of seedling production with 30 nurseries covering 
40 ha and producing some 600 000 plants in place in 1966. Results tended to be highly 
variable and were, on the whole, very disappointing due to a lack of trained techni-
cians, errors in the choice of species and planting techniques and financial difficulties 
(CILSS, 1982b). 
Experience with rural forestry efforts following the most recent drought have also 
been disappointing on the whole. Some observers paint an even more strongly 
pessimistic picture. For example, based in Upper Volta where experience with rural 
forestry is advanced in comparison with other countries in the region, one notes that 
'les programmes de reboisement villageois... n'ont eu jusqu'à présent aucun résultat 
tangible' (Winckler, 1982). As with the rainfed plantations, a number of basis assump-
tions have been called into question: 
- Local populations have been less enthusiastic than expected. This has been due in 
part to a history of their relations with Forest Services characterized by considerable 
antagonism coupled with a failure to adequately review and reform forest policy and 
legislation prior to the launching of rural forestry programs. At the same time there 
has been a pronounced tendancy for programs to be both designed and implemented 
from the top down rather than from the bottom up, leading to a 'dual environment! 
with project design based on the perceptions and priorities of planners and forestry 
technicians followed by project implementation in a socio-cultural context where the 
perceptions and priorities are often quite different. The existence of this dual environ-
ment helps to explain a number of the ongoing problems associated with rural forestry 
interventions across the Sahel. 
- In many instances suitable land has proved hard to find, the dispersed nature of 
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this type of intervention has made supervision and follow-up difficult and costly, com-
munal planting efforts have been plagued by lack of adequate attention to details of 
the eventual distribution of the products, and the range of species has often been 
limited (with neem (Azadirachta indica) serving as the workhorse in most schemes and 
exotic species tending to predominate over indigenous ones). 
- The block-planting methods used in many of these projects have been alien to local 
patterns of land use as have the elaborate, expensive systems used for tree protection. 
- Many efforts have been focused solely on wood production, failing to adequately 
consider local needs for a host of non-wood forest products ranging from tree crops 
used for human food through tree forage for animals, medicinal plants, and a variety 
of other traditional forest products. 
In a highly perceptive passage of a paper prepared for CILSS on elements of a 
forestry strategy for the Sahel, J.D. Keita (1979) was adamant that although rural 
forestry was a (perhaps the) key to forestry development in the Sahel, 'excessive op-
timism was to be avoided in the initial planning of rural forestry programs across th§ 
region: 'Il faut éviter tout optimisme excessif... Après une vingtaine d'années d'ef-
forts jalonnés surtout d'échecs retentissants, ruiné par une implacable sécheresse ayant 
eu comme curieuse conséquence un alourdissement prononcé des appareils d'Etat, le 
Sahel se cherche. Les planificateurs de changement, de quelques bords qu'ils soient, 
doivent tenir compte du fait qu'ils ont souvent à faire à des communautés désor-
tientées, et rendues méfiantes par les événements récents, à la fois d'ordre climatique, 
politique et social. Pourtant, à long terme, la foresterie communautaire doit être la 
forme d'action privilégiée des forestiers sahéliens et si tant d'inquiétudes sont for-
mulées, c'est pour ne pas manquer le départ: c'est une course de très longue haleine 
qu'il faut entreprendre! Keita's assessment stands, in 1983, as sound and sensible as 
it was when it was written. 
Rural forestry is, and will continue to be, one of the central pillars of forestry 
development in the Sahel. What is urgently required at this juncture is careful atten-
tion to key elements of the process that must be set in place to enable this type of 
forestry to 'take off on its own including: fundamental policy and legislative reform, 
a transformation of the role of forestry agents in rural communities, greatly increased 
understanding of land and tree tenure patterns and their impact on forestry interven-
tions, applied research on selected indigenous multiple-use species, and careful atten-
tion to the forestry/agriculture interface, building on the role of trees and tree crops 
in Sahelian agricultural production systems. These and other aspects will be examined 
in Section III below. 
Irrigated plantations Touted by some as the answer to projected future shortages of 
fuelwood and other wood products, the few pilot efforts undertaken to date with ir-
rigated plantations have been disappointing. As with rainfed plantations, energy-
related costs have soared, particularly for water pumping, and production looks like 
being substantially lower than originally estimated. It is expected that the one fully 
operational scheme installed under the World Bank-funded forestry project in Niger 
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will be discontinued (M. Mamane, personal communication, april 1983). While future 
irrigated projects are not to be ruled out, particularly in conjunction with irrigated 
agriculture, substantial research and careful analysis will be required prior to the laun-
ching of any such schemes. (See, for example, proposal in CILSS, 1982b.) Priority at-
tention will need to be given to integrating tree culture into irrigated agriculture (as 
windbreaks, along field boundaries etc.) in the river basin development schemes that 
are due to get underway across the region over the course of the next decade. 
Natural forest management Over the last few years natural forest management has 
been receiving increased attention across the Sahel. There are a variety of reasons for 
this, among them the relatively poor performance of other types of interventions, a 
better understanding of the productivity of natural formations, and an appreciation 
that natural forest and brushland provide not only substantial amounts of fuelwood 
but also many other wood and non-wood products important to the rural economy. 
Thus, although as recently as three or four years ago little attention was being paid 
to the possibilities of managing natural forests, this attitude is now being transformed 
into a rapidly growing consensus that these formations will play a central role in the 
future development of forestry in the Sahel (e.g. Sénégal, 1981, CILSS, 1982b). 
To bring the natural forests of the region under management will be a long-term pro-
cess, probably on the order of 20 to 30 years. At the same time, there will need to be 
a considerable amount of research to both identify and improve management techni-
ques. This should not, however, prevent work on natural forest management from 
beginning at once. Relatively simple techniques already exist which will increase pro-
ductivity, and these can be used until better ones are found. Thus, a beginning can and 
is being made in the introduction of natural forest management, starting in a few 
carefully selected areas, such as Forêt Classées near major urban centers. This work 
will need to be gradually extended as experience is gained and markets are developed 
(Jackson et al., 1983). 
Reducing consumption by improved utilization 
Efforts to reduce fuelwood consumption have to date centered primarily on the 
development and dissemination of 'improved' wood and charcoal stoves. While there 
has been a flurry of activity in this area over the last few years - with the development 
and dissemination of many different prototypes, each promising substantially reduced 
consumption coupled with social acceptability - the process as a whole has raised 
more questions than it has answered: questions about the reliability and thoroughness 
of testing methodologies prior to dissemination; questions about the efficiency of 
many of the models currently being proposed when used under 'real world' condi-
tions; questions about the wisdom of rushing into a dissemination phase with so many 
different models; questions about cost, maintenance and long-term social acceptabili-
ty of the various models being developed; and questions about the process being put 
in place to disseminate the stoves and its sustainability in the absence of continued ex-
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ternal funding (Yameogo et al., 1982; Ouedraogo et al., 1983). 
In light of a diminishing number of options to meet projected fuelwood deficits, 
considerable emphasis has been and continues to be placed on the potential role of 
'improved' stoves in reducing consumption. Given the range and importance of the 
as yet unanswered questions, however, there is growing concern that the move from 
prototype development to dissemination has been premature. As noted in a document 
prepared for the CILSS Forestry Ecology Working Group Meeting in Banjul last year, 
'En dépit de la priorité que l'on devrait sans doute allouer à cette action, les 
gouvernements doivent adopter une position prudente et patiente et attendre qu'une 
ou plusieurs solutions technologiques fassent la preuve de leur valeur avant d'en 
autoriser la vulgarisation: toute erreur dans ce domaine, due à la précipitation, pour-
rait être fatale à l'avenir forestier des pays sahéliens' (CILSS 1982e). (Emphasis add-
ed). Among the suggestions proposed: the creation of a regional Bureau Veritas for 
the objective testing and assessment of all proposed stove models. At the same time 
greater attention will need to be directed beyond the realm of technology to other 
means of reducing consumption: revised pricing policies for fuelwood, charcoal and 
other wood products are a prime target in this regard. 
In addition to the work underway on 'improved' stoves, attempts to improve the 
utilization of wood have focused on increasing the efficiency with which wood is con-
verted into charcoal. Results in this area have been encouraging. It has been clear for 
some years now (since the 1940's in the case of Mali, for example) that modest im-
provements in traditional production systems could provide levels of conversion effi-
ciency comparable to those obtained with imported metal kilns (CILSS, 19$2e). These 
improvements, including some modification of technique and more careful manage-
ment of the conversion process, are now being taught to charcoal makers across the 
Sahel and represent an important success in addressing this facet of the overall energy 
equation. Increased attention will now need to be devoted to related issues of pricing 
and marketing as well as to the examination of other aspects of wood and forest pro-
duct utilization to see if similar 'savings' are possible. 
Developing alternative energy sources 
Although there has been considerable work on a whole range of alternative energy 
sources and technologies in recent years (solar, wind, biogas etc.), significant 
breakthroughs have not yet been made. Efforts to develop these technologies continue 
to be diffuse and somewhat poorly focused. Increased attention needs to be given to 
non-technical aspects, particularly: local priorities and energy-related constraints, the 
economics of various technical interventions, marketing and distribution strategies of 
prototypes once developed, and the involvement of the private sector in both pro-
totype development and sales. At the same time it is essential that energy sector plann-
ing in the Sahel be firmly grounded in the realities of the present situation with its over-
whelming dependence on conventional energy sources ranging from fuelwood on the 
one hand to petroleum-based products on the other. Future efforts should at least over 
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the short and medium term pay relatively increased attention to development of con-
ventional sources such as for instance growing trees, improving animal traction or 
training motor mechanics (Foley, 1981). 
Some attention has been given in recent years to the possibility of producing char-
coal in the high-forest zone of West Africa and importing it into the Sahel (Chauvin, 
1981). While not an 'alternative' energy in the strict sense, as it is already widely used 
particularly in urban centers such as Dakar and Nouakchott, it is one of the options, 
along with others such as coal and kerosene imports, that is periodically put forward 
as a means of tapping external energy sources at least over the short run until other 
alternatives can be developed. Possibilities for charcoal imports deserve more careful 
study. However, given growing concern in coastal West African states such as Ivory 
Coast and Nigeria about the rapid depletion of their resources, it would appear that 
the idea of meeting Sahelian energy needs with West African charcoal is likely to prove 
more a myth than a possibility. It is widely assumed that there is no alternative source 
of energy that could provide a viable substitute for fuelwood on a scale that would 
permit a major reduction of the dependency on its use in the Sahel within the next 
quarter century. 
Conclusions 
It is clear from what has been said before that there are a whole series of important 
questions that emerge from experience with forestry development in the Sahel to date: 
questions as to how much has actually been accomplished on the ground, questions 
on the social viability of these programs including the important issues of absorptive 
capacity and the need for active local participation, questions on the appropriate role 
of foresters and Forestry Services in sector development actitivites, questions on the 
degree to which a process is being set in motion that can be self-sustaining once exter-
nal funding is no longer available, questions on what lessons can be drawn from ex-
perience to date that will help to put both on-going and future efforts on a sounder 
footing. Foresters working in the region, Sahelian and expatriate alike, have been 
wrestling with all of these issues over the last few years. 
All of this is not to say that the picture is uniformly gloomy, far from it. Valuable 
experience has been gained over the seven years since the initial CILSS/UNSO/FAO 
Consultation on the Role of Forestry in the Sahel. Certain approaches have been tried 
and found to be inappropriate. At the same time there are projects that are working 
(for a recent listing see Weber 1982). In some areas local initiative alone has yielded 
impressive results. Important strides have also been made in an increased and more 
refined understanding of the sector, in training, and in strengthening the capability 
of Forest Services to perform the many and varied tasks that have now been set for 
them. At the same time, there is in both the Sahelian and development assistance com-
munities an increasingly clear sense that the direction of forestry programs in the Sahel 
needs to be both carefully and critically re-evaluated including: the speed with which 
these programs can reasonably be expected to be carried out, the sequence of interven-
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tions needed to attain the desired results, and the overall strategy for sector develop-
ment across the region. 
The road ahead 
Forestry development in the Sahel has reached an important turning point. Based 
on an analysis of results to date it is clear that emphasis must now be given to certain 
types of projects over others and that increased attention will need to be given to a 
variety of broader program and pan-sectoral concerns that have a direct bearing on 
the implementation of forestry projects. As such, important modifications are called 
for in the strategy for forestry development. In the sections that follow, future direc-
tions for forestry will be explored, areas for priority attention identified, and an initial 
outline of future forestry strategy proposed. 
Review, reflection and re-evaluation: A point of departure 
A process of review, reflection and re-evaluation of the nature and direction of 
forestry development has been underway in the Sahel over the past two years and this 
process continues. In the case of the CILSS/Club Bilan-Programme exercise, for ex-
ample, regional synthesis papers will review key issues such as recurrent costs, natural 
forest management, local participation emerging from the country-level surveys. Also, 
the country studies are due to be the subject of a series of CILSS-sponsored national 
'round tables' in 1984. Awaiting the outcome of these exercises it is premature to expect 
a consensus on future forestry strategy or precise guidelines on future sector develop-
ment activities. However, it is abundantly clear that substantial modifications to cur-
rent strategy will be called for. Some of these are outlined below. 
Process and context: Keys to improved project performance 
One important lesson learned from past experience is that there is a need for 
relatively less emphasis on projects per se and more attention to a number of broader 
concerns that impact on project and program success: concerns that revolve in the first 
instance around project process and context. 
Experience,to date has clearly shown a need to sort out the process by which forestry 
development is to be undertaken without worrying unduly (at this stage at any rate) 
about the number of trees or hectares planted. As noted in an earlier 'Issues Paper' 
on forestry and forestry in the Sahel the successful implementation of a particular pro-
ject or set of projects should not be confused with successfully addressing a problem 
or even necessarily with setting in motion a process that will eventually solve the pro-
blem. While the concern that talk about forestry needs to be translated into concrete 
action on the ground continues to be a valid one, excessive preoccupation with project 
outputs can serve to confuse short-term objectives with long-term goals. In other 
words, what must be examined is not simply how much is achieved (or not achieved) 
150 
in quantitative terms, but how it is achieved and whether or not a process has been 
set in motion that will likely be continued following the termination of external fun-
ding (Taylor, 1982). Taking forestation as a case in point, forestation on any substantial 
scale in the Sahel will take place only if and when the Sahelian populations decide to 
undertake it themselves. This does not negate the importance of either externally 
funded or pilot efforts, far from it, but it does serve to illustrate the importance of 
the process that is started by these efforts. 
Careful attention must be devoted to the strategy of project expansion as well as to 
the strategy of incorporating innovation and improvement into ongoing efforts 
through the linking of training and research efforts with evaluation and analysis that 
feeds back into the planning and implementation of project activities (Romm et al., 
1981). At the same time, as noted in a perceptive recent critique of the project process 
in the Sahel, experience in all sectors points to the need for longer project com-
mitments to allow time for adequate attention to process, including: more cautious 
beginnings, closer attention to training coupled with more realistic assumptions about 
the availability of skilled manpower, and increased emphasis on long-term institution 
building (Berg, 1983). 
Turning from process to context, among the most important weaknesses of forestry 
programs as a whole has been the lack of attention to a range of issues, some broader 
than the forestry sector per se, all broader than the concerns of a particular project. 
These issues include absorptive capacity, the ability and willingness of Sahelian 
governments to meet recurrent costs, forest policy review, economic issues of forest 
product pricing and marketing, and issues of public administration including the 
orientation of forestry Departments and incentive structures for their personnel, to 
cite a few examples. A case in point: although it is an issue that affects virtually all 
forestry projects, little attention has been given to date to the economics of fuelwood 
and other forest products. The pricing and marketing mechanisms of fuelwood need 
to be studied in a manner similar to that used over the past decade for food crops in 
the Sahel so that appropriate policy options can be identified. 
Government commitment: An issue for Sahelian and development assistance 
organizations alike 
While most Sahelian governments have emphasized the important role of forestry 
in their overall strategies aimed at countering the effects of the drought and promoting 
food self-sufficiency, the level of funds provided to the forestry sector have often been 
meager. Prior to the infusion of large amounts of additional external funding into the 
sector, this contradiction merits careful scrutiny. At issue is not simply financial com-
mitment (although that is an important and perhaps telling indicator of the de facto 
priority assigned to the sector), but related issues of absorptive capacity and the ability 
of Sahelian governments to both meet and manage the recurrent costs of the programs 
that have been set in motion. 
The issue of government commitment is not simply a Sahelian issue but applies to 
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the development assistance community as well: given the long term horizons with 
which foresters and forestry projects must work, those providing assistance to the sec-
tor should be prepared to make commitments on at least a ten year basis and hâve the 
staff capability, both technical and otherwise, to effectively monitor such efforts. 
Absorptive capacity and recurrent costs: The twin issues of pace and sustainability 
As noted above, closely tied to the issue of government commitment are the issues 
of absorptive capacity and the ability of Sahelian governments to both meet and 
manage the recurrent costs of sector programs. Although the overall percentage of 
foreign assistance resource flows devoted to forestry has remained relatively modest 
at less than 2%, the average annual rate of growth of commitments to the sector has 
been extremely high (71% for the period 1975-1980). It is becoming clear that this is 
starting to place strain on the institutions charged with managing these funds and im-
plementing the multitude of projects for which they are intended. Forestry officials 
working at national headquarters are spending great amounts of time meeting and 
catering to a long stream 'experts' of one sort or another, most of them salesmen for 
a particular project or a particular approach. These problems are, of course, hardly 
unique to forestry. 
Both of these issues, absorptive capacity and recurrent costs, have begun to receive 
considerable attention in recent years: the CILSS/Club study on absorptive capacity 
cited earlier is one indication of this (Berg, 1983), region-wide work on recurrent costs 
that has led more recently to a series of CILSS-sponsored national seminars on the 
subject is another. And among the resolutions adopted by the most recent meeting of 
the CILSS Forestry-Ecology Working Group (October 1982) one was also related 
directly to the issue of recurrent costs. 
One of the recurring themes in recent discussions about meeting recurrent costs in 
the forestry sector has centered around the need for increased attention to and use of 
the Forestry Funds as part of an overall national forestry strategy. Set up in a number 
of countries across the region, the purpose of these Funds is to recycle forest-derived 
revenues (permit fees, fines, etc.) back into sector development. In certain cases, that 
of Mali for example, 100% of permit fees and 75% of fines now go into the 'Fonds 
Forestrier', an important step towards the long-term goal of financing forestry 
development from 'within'. 
The potential difficulties in meeting recurrent costs or in assuring the sustainability 
of externally-funded initiatives must not be underestimated. Under current cir-
cumstances an overwhelming proportion of the annual budgets of Sahelian Forest Ser-
vices is used to pay salaries, leaving precious little with which to work. In 1980, in Mali, 
82% and 93% of overall resources were devoted to salary payments from the national 
and regional budgets resources were devoted to salary payments from the national and 
regional budgets respectively (CILSS, 1982b). As a result of this situation two things 
have become apparent in recent years: first, that caution must be exercised in any 
planned expansion of Sahelian Forest Services and secondly, that careful reflection is 
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needed on the relative merits of public and private sector involvement in various facets 
of forestry development with greater emphasis on nurturing private initiative where 
it exists and in shifting appropriate tasks from the public to the private sector as part 
of a long term strategy that recognizes the limits as well as the strengths of public sec-
tor involvement in forestry development. 
Private initiative and forestry development: A neglected resource? 
Development efforts in the Sahel over the past decade, both in forestry and other-
wise, have focused predominantly on building up and working through public sector 
institutions. Given the lackluster performance of many of these institutions to date 
and considering the issues of 'process' and recurrent costs outlined above, there is a 
growing consensus that the private sector can and should be given a larger role in 
various aspects of development (e.g. Niger, 1983). Forestry offers a number of in-
teresting areas for initiative in this regard: seedling production and distribution, forest 
product processing and marketing (already predominantly in private hands), 
community-based forest management, and the development and marketing of 'im-
proved' stoves and other appropriate forestry-related technologies, to cite a few 
examples. 
The degree of private sector emphasis will, of course, vary from country to country 
primarily as a function of political philosophy. Before informed decisions on this sub-
ject can be made, two things are needed: first, a more complete understanding of the 
not unsubstantial role that private initiative is already playing in forestry development 
(see below) and, secondly, some careful reflection both on the potential future role of 
private initiative and on the implications of this for forestry sector policies and pro-
grams across the region. 
Development through projects: Skirting the issues of bureaucratic reform and institu-
tion building 
As noted earlier, while there have been a series of efforts at both the regional and 
national levels to formulate forestry policy and strategy and to then design a series of 
projects in conformance with that strategy, in most cases the de facto strategy in opera-
tion has consisted of the sum of whichever projects received external funding plus 
those that could be undertaken using resources from national or regional budgets. As 
such, Sahelian governments and foreign assistance organizations alike made 'the pro-
ject' the primary modality for rural development efforts across the region. The ra-
tionale for 'development-through-projects' is compelling on a number of counts such 
as clearly defined spatial and temporal boundaries; closer control of programming, 
personnel and expenditures; easier monitoring of progress and impact; and an ability 
to bypass certain inefficiencies in existing structures. But the proliferation of projects, 
each an island of its own, operating with substantial autonomy, has led to a new series 
of problems. Among the more readily visible problems: a proverbial lack of coordina-
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tion and communication between projects, competition for quality personnel that 
leads to the proliferation of primes and other perks, and a growing web of special con-
ditions attached by the various funding organizations in an attempt to try and insure 
the success of 'their project'. The far-reaching impact of this has now become quite 
clear. Projects with their extraordinary budgetary resources, expatriate technical 
assistance and autonomy, are built as 'exceptional and expensive islands of flexibility 
and sophisticated management' that cannot be absorbed or continued following the 
'completion' of the project involving termination of external funding (Berg, 1983). In 
contrast, government departments which are unable to find a willing 'donor' face the 
prospect of becoming quiet backwaters, places where those not fortunate or aggressive 
enough to get project jobs are sent to pass their time. More importantly, emphasis on 
projects and the enormous amount of time and effort required in their design and im-
plementation has meant that less attention could be devoted to fundamental pan-
sectoral issues such as policy reform, changes in personnel incentives or long-term in-
stitution building. 
As a result of 'development-through-projects', short-term advantages in efficiency 
have been gained at the expense of long-term program viability. It is clear that this ap-
proach to sector development must now be carefully reviewed and that in future in-
creased attention be given to both the broader picture and the longer-term. As a case 
in point, careful attention to forest policy review and reformulation is certain to have 
a greater and more long lasting impact on tree planting than a whole series of expen-
sive tree planting projects. 
The social dimensions of forestry development: Land and tree tenure, rural land use, 
local participation, and the tapping of indigenous understanding 
Results from many forestry projects in the Sahel point to the need for more 
systematic and sustained attention to the social dimensions of forestry development, 
attention that moves well beyond the listing of social concerns as one facet of project 
design. Among the elements deserving more careful and continuing study are: the 
identification of local populations interested in forestry development, the assessment 
of 'felt needs' of these populations and the priority they assign forestry in relation to 
other possible development interventions, and the identification of the types of 
forestry activities preferred. In addition there is a need to identify constraints to 
forestry development such as land and labour availability, land and tree tenure, local 
institutional constraints, the role of women, distribution of benefits, and to outline 
ways of addressing those constraints (e.g. Hoskins, 1979; Hoskins et al., 1979; Devres, 
1980; Thomson, 1981; FAO/ECA, 1981; Noronha, 1981). 
It has become increasingly clear that the themes of variability and heterogeneity, 
applied earlier to the natural environment, apply equally to Sahelian social systems 
(Thomson, 1983). It is equally apparent that a more detailed understanding of the 
dynamics of rural land use including but not limited to variations in land and tree 
tenure is a fundamental building block for the design of more effective sector interven-
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tions (e.g. Bah, 1983; J. Keita, 1983; Le Bris et al., 1982). 
Local participation or the lack thereof stands at the center of current preoccupa-
tions with the social dimensions of forestry development. A growing literature on the 
subject points to the need for active local participation in areas ranging from decision 
making at key stages of project design and implementation, to the distribution of 
benefits, to the evaluation of project results (Uphoff et al., 1979; Shingi et al., 1981; 
Noronha, 1981; Gellar, 1982; Skutsch, 1983). Unless and until these elements are more 
effectively addressed, it is reasonable to assume that projects will fail to generate either 
much local enthusiasm or participation.The effective integration of the 'target popula-
tion' into project evaluation would likely provide a particularly telling and effective 
means of identifying key lacunae and outlining remedial measures to improve project 
effectiveness. 
Tied to the issue of local participation is the need for more systematic inclusion of 
indigenous understanding in project design. Development assistance efforts to date, 
including the many resource inventory and mapping projects, have been greatly remiss 
in this regard (Brokensha et al., 1980; SDPT, 1982). An exception that proves the rule 
is a War-On-Want assisted project in Mauritania the design of which included a detail-
ed soil and land use survey based on local typologies (Bradley et al., 1977; War-On-
Want, 1980). There is an abundance of important local knowledge about both the 
natural and social environments, knowledge that given the variability and heterogenei-
ty noted above, coupled with the fact that approaches to forestry development used 
at present have met with less than resounding success, deserve to be carefully explored 
and utilized. 
Forestry projects undertaken across the Sahel to date have not been particularly in-
novative in seeking out and working through a range of key 'actors' in the society. For 
example, the active support of religious leaders has rarely been solicited in tree plan-
ting campaigns. (For an interesting case where this was done not in forestry but in 
family planning, see Battelle, 1982.) There is great scope for creative work in this do-
main, for identifying centers of influence and using various elements of the popula-
tion to help promote forestry programs (school children, political and religious 
organizations, the army, to cite a few examples). 
The neem and the mango: Paradigms for the future 
Azadirachta indica, more commonly known as neem, was introduced into Senegal 
in 1944 and into Mali in 1953 (Giffard, 1974; CILSS, 1982b). Its spread to other parts 
of the Sahel is not documented but is unlikely to have occurred earlier except in 
selected localities along the borders with Sudan where the species had been introduced 
from India in 1925, and in Nigeria with the introduction from Sudan in 1935 (J.K. 
Jackson, personal communication, march 1983). Over the past four decades the 
species has spread through the length and breadth of the Sahel making it today one 
of the more common species in the region, particularly around areas of human habita-
tion. How did it spread? Precise details are somewhat sketchy. Forest Service nurseries 
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started the process and the people took it from there. Demand for neem seedlings con-
tinues to be high, with small private nurseries now a going concern around certain ur-
ban centers. The process that was begun by man is now beginning to be taken over by 
nature, with birds and bats spreading seed and assisting in natural regeneration. 
The process that was started with Azadirachta indica in 1944 is currently being 
repeated with another introduced species, the grafted mango. Demand for these 
mangoes is so high that at appropriate times of the year substantial numbers of seedl-
ings are transported by merchants from Bobo Dioulasso, Upper Volta to Bamako, 
Mali some 550 kilometres away. The lesson from these and other examples of 'con-
tagious replication' elsewhere in Africa (Ellis, 1982) is clear: if the species being offered 
do in fact meet a 'felt need', they will be produced, planted and cared for. 
Forestry in the Sahel: Broad vision, selective focus 
Based on experience to date, a careful review of the scope of forestry programs in 
the Sahel is called for. While sector strategies developed in the past have tended to be 
sweeping in scope (the six sub-programs of the CILSS strategy, for example) im-
plementation of these strategies has tended to focus narrowly on a relatively few 
elements, most notably tree planting of one sort or another along with other energy-
related concerns (Fig. 2). Forests and forestry play a wide range of roles in the various 
production and social systems across the Sahel. This range of roles should form the 
primordial base from which forestry strategy is developed and from which forestry 
planning starts. As such, the initial vision that nurtures forestry strategy needs to be 
broad and must pay particularly close attention to the interface between forestry and 
agriculture (Taylor, 1981). So far as the identification of program emphases and par-
ticular projects is concerned, however, a rigorously selective focus is required: narrow-
ing in on priority problem areas for 'punctual' interventions while at the same time 
concentrating on key processes that will lead towards the attainment of broader sec-
toral objectives. 
Beyond tree planting: From symptom to cause 
Great attention has been given to tree planting in sector programs. As indicated 
earlier, there is a growing feeling that this aspect of forestry programs has been over-
emphasized relative to other aspects, such as for instance more detailed planning, 
research and training, which should have preceeded large-scale tree planting efforts. 
Part of the concern ties back to the issue of 'process' discussed earlier: the danger of 
an excessive preoccupation with the number of trees or hectares planted rather than 
with the initiation of a self-sustaining process. Another part of the concern is that 
symptom and cause have been confused and that tree planting is in many instances 
addressing the former rather than the latter: using forestation as an antidote the 
'deforestation' without either analyzing or addressing the underlying causes of that 
deforestation. To continue the medical analogy, what is being attempted in efforts of 
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this sort is short-term 'cure' rather than long-term prevention. In addition, the linkages 
between forestry and environmental protection/rehabilitation have, to date, been 
somewhat fuzzy and need to be re-examined in more sophisticated terms. Popular no-
tions, not uncommon in development circles as well as among Sahelian populations 
as a result of forestry project 'sensibilisation', include a variety of near miraculous ef-
fects associated with tree planting. Among the more common: trees are reputed to stop 
advancing deserts and to produce more rain. Many tree planting efforts have been 
launched under these and similar banners. The result is that two out of three trees 
planted in the Sahel have either died or been severely stunted before they ware five 
years old (Weber, 1982). Another observer has remarked, 'les mesures de reboisements 
réalisées jusqu'à présent n'ont eu aucune influence sur les causes et le processus de la 
désertification et, d'autre part, ont eu en effet protecteur bien moindre que celui de 
la forêt naturelle (Winkler, 1982). 
Forestry has been seen by many in the Sahel as being synonymous with nurseries 
and tree planting. While these are certainly part of an appropriate response to the cur-
rent situation, they are only a part and not necessarily the most important part. In 
order for future programs to be put on a sounder footing, cause will need to be more 
carefully distinguished from symptom and a broadened conception and definition of 
forestry used as the basis for addressing the priority problems of the region, with in-
itial focus on maintaining and enhancing the productive capacity of rural production 
systems. 
The forestry/agriculture interface 
While the need to more closely integrate forestry interventions with agriculture has 
been clear for some years now, building on the roles of trees and tree crops in 
agricultural production systems, practice has only in rare instances followed theory in 
this regard. Even in the so-called integrated rural development projects, forestry com-
ponents if included, have been little different from other forestry projects. At the same 
time, agricultral development efforts have tended in most instances to completely ig-
nore the forestry components of agricultural production systems. As a result, instead 
of viewing rural production systems in a relatively holistic way, each discipline has con-
centrated on its particular bailiwick: the trees, the crops, or the livestock (J. Keita, 
1983). As an African proverb succinctly puts it, 'L'étranger ne voit que ce qu'il sait! 
There are encouraging signs that the situation outlined above is beginning to 
change, for instance: the active interest of some agricultural research centers in more 
careful attention to trees and tree crops (Le Houérou, 1980; USAID/ICRISAT, 1981) 
and substantially increased attention to agroforestry and farming research (NAS, 
1983b). 
Agroforestry and farming systems research: From development buzz words to an im-
proved understanding of rural production systems As discussed in more detail by 
Raintree in this volume, agroforestry has become someting of a 'buzz' word in interna-
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tional forestry circles in recent years, as has farming systems research in the 
agricultural development community. Both of these are now increasingly finding their j 
way into project proposals and program strategies in the Sahel. Increased attention to 
these areas offers an important opportunity for seriously studying the 
forestry/agriculture interface and for basing future interventions in rural production 
systems on a sounder understanding of the dynamics of those systems. 
However, a word of caution is in order. Although firmly grounded in a search for 
a more 'holistic' approach to rural development, both agroforestry and farming 
systems research suffer from a tendency towards a certain narrowness of conception 
that betrays their origins: agroforestry is something that foresters talk about, focusing 
for the most part on the tree components of rural production systems, while farming 
systems research is something that agricultural researchers talk about. Work on farm-
ing systems focused initially almost exclusively on crops. It has expanded now to in-
clude livestock but only in rare instances is more than cursory attention devoted to 
trees and tree crops. It is imperative, if development buzz words are to be translated 
into more effective program and project initiatives, that the individuals involved in 
these two approaches begin to talk seriously with one another and that the programs 
that are designed as a result truly transcend the narrow sectoral boundaries that have 
characterized all too many approaches to date (Ben Salem, 1981, Norman et al., 1982; 
Raintree, this volume). 
Natural forest management: Moving beyond the boundaries of the Forêt Classée A 
second area that offers considerable potential over the long run for added understan-
ding of and attention to the forestry/agriculture interface is natural forest manage-
ment. As a recently completed CILSS synthesis paper on natural forest management 
noted, priority attention will need to be devoted to getting natural forest management 
underway in Forêts Classées across the region (Jackson et al., 1983). This work will 
provide opportunities to improve understanding of the many different roles that these 
formations play in rural life in the Sahel, opportunities that include moving from the 
descriptive literature of the past towards a more quantitative understanding. Once this 
initial work is somewhat more advanced it will be important to bring together work 
on natural forest management with agroforestry and farming systems research, to 
build a more complete picture of the full continuum of vegetation utilization and 
management and rural land use, ranging from the natural forest through various 
stages of fallow to farmed parkland and other tree/crop associations. 
Towards a revised strategy 
As noted earlier, forestry in the Sahel has been moving through a period of review, 
evaluation and reflection over the past few years. Elements of a revised strategy for 
forestry development have begun to emerge, though the full outline of such a strategy 
has not yet been developed. It is clear, however, that it will include careful attention 
to forest policy as well as a re-examination of the linkages between forestry and the 
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other components of rural production systems. Certain program emphases have 
emerged from the analysis of experience to date as deserving priority attention. Some 
of these are outlined below. It is also clear that the strategy that is eventually elaborated 
and adopted will need to be dynamic, evolving and long-term. 
Forest policy review and reformulation: Lynchpin to a revised strategy 
Forest policy and legislation across the Sahel is for the most part out of date and 
does not constructively address the changing circumstances surrounding either the 
relationship between foresters and Sahelian populations or the role of foresters in rela-
tion to Sahelian forests. 
Foresters and Sahelian populations: From conflict to counsel A consensus has been 
building across the region in recent years on the need for a basic transformation in the 
role of the Forest Service and the need for foresters to stop being exclusively rural 
policemen charged with the impossible task of enforcing the current codes and to start 
working much more closely with rural communities as technical extension agents (e.g. 
CILSS, 1982e). There is also need to remove disincentives to tree planting and other 
forest management activities contained in the current legislation and substitute incen-
tives in their place. These issues were reflected, for example, in the remarks of the 
Director of Mali's Forestry Service in the national media prior to the National Forestry 
Conference earlier this year: 'Le problème le plus important se situe au niveau d'une 
certaine barrière d'incompréhension, de méfiance, voir même d'hostilité entre les 
agents forestiers et ceux à qui le service forestier veut apporter son aide et ses con-
naissances, c'est à dire, les populations. J'ai dit et je redis que 6 millions de maliens 
pourront mieux lutter contre la désertification que 600 forestiers: c'est là le fondement 
de notre nouvelle politique' (Anon., 1983). 
It should be noted that the funding bind of Sahelian Forestry Services discussed 
before has a significant effect on the perpetuation of repressive activities. As noted 
in a perceptive section of Senegal's Plan Directeur, 'Malgré tous les efforts que le ser-
vice forestier fait actuellement pour montrer aux populations que son action ne se 
limite nullement à ce rôle (répresseurs), la limitation des moyens accordés aux agents 
les conduit à donner la priorité aux tâches de répression malgré eux. On ne peut dans 
ces conditions leur reprocher quoi que ce soit' (Sénégal, 1981). 
While it is clear that changes of this magnitude do not occur overnight and that 
there will need to be a gradual institutionalization of new approaches, it is equally 
clear that forestry projects have failed to date in no small measure because these issues 
were not faced earlier. 
Foresters and Sahelian forests: From protection to active utilization and manage-
ment In addition to the need for fundamental change in the relationship between 
foresters and Sahelian populations, there is also a need for change in the role of 
foresters in relation to Sahelian forests. Current policy and the role that has emerged 
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from it is essentially one of protection and conservation. A shift from protection to 
active utilization and management is called for. This, in turn, will require review of 
many facets of forestry legislation including, among others, pricing policies (stum-
page prices, permit fees, government subsidies for fuelwood and charcoal pricing in 
addition to pricing policies for tree seedlings and other technical services); marketing 
(including analytical work on market structure and operations as well as an examina-
tion of possibilities for private sector involvement, forest product cooperatives, and 
the development of forest product-based cottage industries); possibilities for forest-
based revenue generation including the use of these revenues to promote forestry 
development through a 'Fonds Forestier' or a similar mechanism; and possibilities for 
the management of natural forests by local communities. 
The process of policy review is already underway in a number of countries in the 
region (e.g. Mali, 1982). This process will need to be nurtured and continued. 
Rural production systems: A constraints analysis leading to strategy options 
Closely tied to the forest policy review and reformulation outlined above is a need 
to carefully re-examine a number of basis assumptions upon which forestry strategy 
has been built. Among these, the linkages between various components of rural pro-
duction systems. As indicated earlier, the multi-faceted roles of forests and forestry 
in the Sahel stand as a primordial base for the development of forestry strategy. As 
the fate of earlier broad-gauged strategies clearly indicates, however, while the initial 
vision that nurtures strategy development must continue to be broad, the strategy itself 
needs to be rigorously selective: focusing on key constraints, on priority concerns and 
on the sequence of interventions required to address these constraints and concerns. 
Efforts currently underway to search out fresh approaches to forestry development 
in the Sahel include one that takes as its starting point rural production systems broad-
ly defined (Simmons et al., 1983). The first step in this approach to strategy develop-
ment is a constraints analysis of these production systems (i.e. the identification of 
constraints that are common to all systems: crops, livestock and forestry). The second 
step is a 'constraints to addressing constraints' analysis (i.e. identifying key elements 
that constrain Sahelian governments and developing assistance organizations in their 
efforts to address the fundamental constraints identified in the first step). The third 
step is the identification of a series of strategy options from the analysis of the 
preceeding two steps. The development of this approach is still in its early stages. Its 
goal is to isolate critical constraints, first within rural production systems as a whole 
and only secondly within particular sub-sectors (i.e. forestry), and to then build 
strategy that is carefully focused on addressing those constraints. 
Program emphases for the future: Some initial reflections 
As indicated above, the process of review, evaluation and reflection on future direc-
tions for forestry development in the Sahel is still very much underway. Ideas for new 
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approaches are being developed and discussed. A consensus on the details of a revised 
strategy has not yet been reached. Nonetheless, it is clear that certain elements of sec-
tor programs will need substantially increased attention in the immediate future, 
among them planning, management, research and training in addition to a range of 
sector interventions 'sur le terrain'. It is also clear that in most instances the question 
of how forestry development is done will be at least as important as the question of 
what is done. 
Forestry planning and management As should be abundantly clear from the analysis 
presented above, it makes little sense to talk of continued current or increased levels 
of investment in forestry programs in the Sahel until improved systems of planning, 
programming and management are in place. 
As indicated in Figure 3, planning which was to have constituted a central pillar of 
the CILSS regional strategy, was generally passed over in a great haste to try and get 
trees planted. The results of this precipitous move to 'action' are now clear. 
The first step to providing increased attention to planning and management is train-
ing of Sahelian cadre in these areas with particular emphasis on forestry economics 
and financial management. Also required are efforts to collect a range of baseline data 
currently unavailable but essential for outlining options and doing realistic planning. 
It is expected that forestry planners, once trained, will serve as 'l'épine dorsale d'une 
réflexion permanent et adaptative sur la strategie et la politique forestière' (CILSS, 
1982f). 
Forestry research and training Research and training are two other fundamental 
lacunae of most forestry programs in the Sahel to date. Once again the results of inade-
quate attention to these elements are now abundantly apparent. With the notable ex-
ception of Senegal, the forestry research infrastructure in place and currently opera-
tional across the Sahel is so small as to be virtually non-existant. Given the rapidly 
expanding portfolio of forestry projects on the one hand and the relative scarcity of 
tested technical packages on the other, this is a situation that cannot be allowed to con-
tinue. Forestry research is an essential prerequisite to more effective project interven-
tions and it must be given the emphasis it deserves with priority attention to the 
building of national research capability (Taylor, 1982a). There are indications that this 
may now be beginning to happen (CILSS, 1983; USAID, 1983; CTFT, 1983). 
Among the topics for immediate consideration: the silvics of indigenous species and 
the silviculture of natural forests, the economic viability of various forestry interven-
tions, and the identification of social constraints to the expansion of rural forestry 
programs coupled with appropriate responses to those constraints. It is important that 
the national research capability that is developed is broader than simply technical 
research. It must also include economic and social aspects. There is also a need to 
carefully review past experience in agricultural research as to organization, training 
and management so as to avoid an unnecessary repetition of mistakes (Eicher et al., 
1982). In the area of training, items of particular importance include: the revision of 
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training curriculum in light of changing circumstances, the training of forestry in-
structors, and refresher 'recyclage' for forestry agents. 
Interventions 'sur le terrain' Ecological zones and production systems with their 
natural and social dimensions form the basic parameters within which the ap-
propriateness of forestry interventions 'sur le terrain' should be determined. While the 
range of possible interventions remains relatively large, experience to date has served 
both to reduce the number of priority interventions and to provide a clear indication 
that additional research is required before certain other types of interventions are pur-
sued further. Among the areas deserving particular attention are natural forest 
management and rural forestry broadly defined with emphasis on the integration of 
trees into agricultural production systems. These two areas represent contrasting but 
complementary trends: the former a move into the forest and the active utilization and 
management thereof, the latter a move beyond the boundaries of the forest to work 
on the contribution of forests and forestry to broader elements of rural land use. 
At the same time work will need to continue (subject to an ability to address the 
constraints outlined before) on interventions such as large scale plantations in ap-
propriate higher rainfall zones, on efforts to reduce fuelwood and charcoal consump-
tion and improve utilization, and on efforts to identify appropriate alternative energy 
sources and technologies. Both the long-term goal of each type of intervention and 
lessons learned from experience to date must be kept carefully in mind. Taking rural 
forestry as a case in point: while government-sponsored nursery and extension ac-
tivities are appropriate in the short and medium term to promote rural forestry, the 
long term goal of these interventions should be to move either rapidly or more gradual-
ly towards local seedling production as a part of a broader pattern of locally-
controlled forestry and land resource management. Based on experience to date, rural 
forestry programs will need to devote careful attention to: 
- meeting basic needs either as a prerequisite to or in the process of carrying out rural 
forestry programs; 
- harnessing natural processes (particularly natural regeneration) and social pro-
cesses (the 'felt needs.' of local populations) to meet rural forestry objectives; 
- developing rural forestry programs that begin with planting but move on to 
management, harvesting, processing, marketing etc.; 
- developing rural forestry expansion/replication strategies that are focused well 
beyond the period of external funding; 
- tying rural forestry closely to broader patterns of agricultural and rural 
development. 
Conclusion 
Forestry in the Sahel at a turning point 
Forests and forestry have played and will continue to play an active and important 
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role in Sahelian development. Born amidst considerable enthusiasm and high expecta-
tions, forestry projects launched across the Sahel over the past decade have, for a wide 
variety of reasons not lived up to expectations. This had led to a period of review, 
evaluation and reflection on important lessons learned from experience to date and 
on the nature and direction of future sector programs. As a result, forestry in the Sahel 
is at a turning point. New approaches, more closely, in line with the natural and social 
realities of the region and more carefully linked to broader issues of process and con-
text are beginning to emerge. These will serve to help chart future directions, to put 
future forestry development on a sounder footing, and to help ensure that the forest 
resources of the region are used, to the greatest extent possible, to meet the broader 
goals of Sahelian development. 
Lessons for the semi-arid tropics and beyond 
Although many of the particulars of forestry programs in the Sahel are site or region 
specific, a number of the elements described above including the important lessons 
learned have wider applicability to forestry development elsewhere in the semi-arid 
tropics and beyond. Variability and heterogeneity of natural and social environments 
notwithstanding, there are important elements of commonality that can arïd should 
be built upon both to strengthen forestry programs in the Sahel by learning from rele-
vant examples elsewhere around the world and to highlight pitfalls and lessons learned 
from experience to date in the Sahel with the hope that these will serve to strengthen 
forestry development elsewhere. 
A concluding reflection 
In closing, a bit of historical perspective, noted earlier (Taylor, 1982) on the develop-
ment of forestry in the Sahel. Writing in 1918 as Directeur d'Agriculture des Colonies 
on the questions of reforestation in Senegal, the French agronomist Etesse noted, 
'Pour être un bon agriculteur, il faut être entreprenant, observateur, patient et obstiné. 
Ce sont les qualités qui ont dominé une experience de dix années sur le boisement au 
Sénégal, et dont les résultats commencent seulement à apparaître' (Etesse, 1918). 
Reporting on successful trials with Casuarina that had begun as early as 1908, it was 
Etesse's hope ten years later in 1918 that one day the entire coast of Senegal from Dakar 
to St. Louis would be protected with plantings of filao. Some sixty years later that 
dream is about to come true: the Senegalese, working with assistance from the FAO, 
CIDA and USAID expect to complete the first line of windbreaks this year. As such, 
forestry development in the Sahel is likely to be a longer and a more complex undertak-
ing than many had imagined. That is, however, hardly reason to give up hope - the 
line of filao will be completed between Dakar and St. Louis. 
For many of the forestry activities currently underway across the Sahel we are, in 
1983, close to where Etesse was in 1918: results are just beginning to appear. His 
counsel continues to hold true: 'il faut être entreprenant, observateur, patient et 
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obstiné! At the same time it is necessary to carefully reflect on experience to date and, 
using the valuable lessons of the past decade, move to place future forestry programs 
on the soundest possible footing. 
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Les actions Bois de Villages en Haute-Volta 
A. Compaoré1, P. Laban2, W. Visser2 et A. Zongo1 
1. Direction de rAménagement Forestier et du Reboisement, Ouagadougou, Haute-
Volta 
2. Projet Bois de Villages (Pays-Bas), Ouagadougou, Haute-Volta 
Résumé 
Dans un premier temps l'article décrit brièvement la stratégie d'actions mise en oeuvre en 
Haute-Volta dans le cadre de la politique forestière de lutte contre la désertification et pour 
l'autosuffisance en produits ligneux; suit après un exposé détaillé sur l'essentiel du sujet de l'arti-
cle les 'Actions Bois de Villages'. L'objectif principal des actions 'Bois de Villages' est de former 
les villageois et leur donner les moyens de prendre en main eux-mêmes la conservation et la 
reconstitution des ressources naturelles essentielles à leur vie domestique et à l'équilibre de leurs 
terroirs. L'exécution de ces actions est principalement assurée par le Service de Reboisement de 
la Direction de l'Aménagement Forestier et du Reboisement. L'article décrit d'abord la méthode 
de sensibilisation qui s'appuie essentiellement sur une série éducative appelée 'Vivre dans un 
environnement vert'. Au moyen de cours de formation, les agents d'exécution sont instruits pour 
appliquer cette méthode durant les campagnes de sensibilisation. Ensuite il est expliqué com-
ment s'organise d'une façon progressive, sur plusieurs ennées, l'exécution des plantations 
villageoises et des autres activités comme l'installation des pépinières villageoises et la protec-
tion de la végétation naturelle. Plusieurs expérimentations sont en cours afin d'améliorer l'im-
pact de ces actions de foresterie rurale. Les résultats obtenus sont présentés ainsi que les pro-
blèmes majeurs rencontrés qui pourraient compromettre l'extension et les objectifs du pro-
gramme 'Bois de Villages'. 
Summary 
Village forestation project in Upper Volta 
The strategy in Upper Volta to increase wood production, to decrease wood consumption and 
to better conserve remaining reserves of natural vegetation is translated into programmes of the 
three Forest Services that constitute the Department of Forest Management and Reafforesta-
tion. These programmes include a village forestry programme, a programme to enhance 
management of natural forest, an extension programme to introduce improved wood stoves, a 
forest plantation programme around urban centres and a programme to control and organize 
wood exploitation. 
The main objective of the village forestry programme is to make rural people aware of the 
importance of trees and natural vegetation for their daily life and needs. The programme aims 
to create a sense of responsibility among farmers to take charge of their own environment and 
of the ecological balance on their village territory. An exhaustive extension programme is ex-
ecuted by rural development extension workers and forestry agents using well adapted didactic 
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material developed by GRAAP (a non-governmental research and support group for self-reliance 
of the rural population). 
Each year, the extension workers, forestry agents and their superiors follow a course, in which 
they are trained to discuss with villagers one of the three major themes of the extension pro-
gramme, e.g. 'Changes in our direct environment', 'We need trees to live' and 'To be master of 
our environment'. These training courses were initially supervised by the CESAO (Centre for 
Social Studies in West Africa) and now by a special extension and training section of the Reaf-
forestation Service. The extension programme may encourage a village to undertake activities 
like the collective or individual planting of trees, the protection of natural forest against bush 
fires and the construction of more efficient wood stoves. The forest service provides technical 
assistance, plants and wirenetting to protect the collective plantation (in general 1 ha/a) against 
animals. The forestry agents follow technical refresher courses, for instance in nursery techni-
ques, plantation methods and terrain selection. 
A major emphasis in the progamme was creation or upgrading of regional tree nurseries to 
provide most of the plants. Now village nurseries are being established to make villages indepen-
dent of further involvement of the forest service. Tree planting should become a seasonal routine 
like any other agricultural activity. 
Besides these aspects, practical research is done to better protect plantations, to replace the 
wirenetting by quickset hedges, to introduce local tree species and agro-forestry methods. 
Every two years, the programme is evaluated sociologically in order to modify and to improve 
it, and every year a technical evaluation is carried out to check the results of the previous plan-
ting season and causes of any failures. At the same time, it is decided how each village can con-
tinue to participate in the programme. 
For the time being, the national forest service collaborates for mutual assistance with several 
countries who participate in a central coordination unit. This unit has the final responsibility 
for the philosophy, the coordination and the execution of the programme. It ensures that the 
programme is carried out in different regions in the same way. Most of the infrastructure needed 
for the execution of this vast programme (tree nurseries, motorbikes for extension workers and 
forestry agents) is still provided by foreign assistance. 
The programme has been running for about 4 years. In this period and in the context of the 
programme discussed here 860 villages (12% of the total in Upper Volta) have planted somewhat 
more than 1200 ha collectively and 1500 ha individually. The rate of success was about 70%. 
About 125 village nurseries have been created. Although it is difficult to give figures, villagers 
are more interested in their environment. 
In spite of these encouraging results, the programme encounters several problem areas, of 
which the most important are the following: 
- availability of land because of high demand for agricultural lands, 
- training of villagers to make them independent of the forest service for their forestry opera-
tions, 
- lack of water sources needed to establish village nurseries, 
- lack of staff in the forest service to extend the programme to more villages, 
- protection of individual plantations. 
All this subjects have the greatest attention and the forest service is working to the utmost 
to solve them. 
Keywords: Communal forestry, fuel plantation, extension service, education and training, 
forest management, arid zones 
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Introduction 
En Haute-Volta, le bois constitue la principale source d'énergie; en effet sa part dans 
le bilan énergétique est de l'ordre de 87% (Anon., 1981). La consommation de bois de 
feu en 1980 atteignait 1,42 kg pers. " 1 jour ~ * en zone urbaine; 1,38 kg en zone semi-
urbaine et 1,68 kg en zone rurale, soit une moyenne de 1,65 kg pers. ~1 jour ~1 ce qui 
correspond à environ 7 000 000 m3 ou 4 550 000 t/a de bois (de Backer, 1982). 
Les ressources forestières du pays s'élèvent à près de 350 000 000 m3 (Cameratti, 
1982). Mais ces ressources sont très mal réparties. Keita (1982) distingue 6 catégories 
de zones selon la disponibilité du bois de feu, dont 4 sont représentées en Haute-Volta: 
- La catégorie II concerne tout le Sahel Voltaïque. Il y règne une situation de crise 
de sorte que d'ici l'an 2000, la totalité des ressources ne suffira plus à couvrir les be-
soins minimum. 
- La catégorie IV concerne principalement le Centre du pays. Il y règne une situation 
de pénurie c'est-à-dire que le bilan entre les besoins et la disponibilité est déjà négatif. 
- La catégorie V concerne la région Ouest, Sud-Ouest et Est du pays. La situation 
y est critique, c'est-à-dire, les disponibilités excèdent encore la demande mais d'ici 
l'an 2000, une situation de crise s'établira. 
- La catégorie VI concerne la région de la Comoé. C'est une région où il existe en-
core de grands massifs boisés intacts. Les populations y disposeront encore suffisam-
ment de bois de feu en l'an 2000; la situation y est satisfaisante. 
Ainsi donc plus de 90% du territoire de la Haute-Volta sera dépourvu de ressources 
forestières en quantités suffisantes pour satisfaire les besoins des populations d'ici 
l'an 2000, ceci vu dans l'hypothèse où aucune disposition ne serait prise. 
Déjà, dans la majeure partie du pays, la disparition progressive de la forêt impose 
de longues et pénibles corvées journalières de bois aux femmes, surtout en milieu 
rural. En ville, les dépenses consenties pour l'acquistition du combustible ligneux at-
teint 20 à 30% des revenus les plus bas; en outre les lieux d'approvisionnement s'éloig-
nent dangereusement (entre 60 et 100 km pour la capitale Ouagadougou). On assiste 
actuellement, compte tenu du niveau de la consommation et de l'augmentation de la 
population, à la dégradation du couvert forestier sur des centaines des milliers d'hec-
tares chaque année. 
Cette dégradation est également attribuable au surpâturage et surtout à I'ébran-
chage inconsidéré des arbres qui conduit souvent à leur mort. Parmi les autres facteurs 
de déboisement, il convient de souligner ici la prépondérance des activités agricoles 
itinérantes qui empiètent chaque année sur le patrimoine forestier pour plus de 50 000 
ha nouveaux. Dans les régions où il n'existe plus de forêts, on assiste au raccourcisse-
ment, voire la suppression de la jachère entraînant inéluctablement une grave stérilisa-
tion des sols. 
C'est la Direction de l'Aménagement Forestier et du Reboisement qui est chargée au 
sein du Ministère des Transports, de l'Environnement et du Tourisme, d'élaborer et de 
mettre en oeuvre une politique cohérente permettant de lutter efficacement contre les 
maux décrits ci-dessus afin de parvenir à un heureux et indispensable équilibre 
170 
forestier du pays. 
Les activités de la direction de l'aménagement forestier et du reboisement 
Stratégie d'actions 
Face à la situation décrite ci-dessus concernant la lutte contre la désertification, la 
politique forestière mise en oeuvre en Haute-Volta est guidée par trois axes principaux: 
— l'augmentation de la production de bois, particulièrement du bois d'énergie; 
- la réduction de la consommation du bois et en particulier du bois d'énergie; 
— la lutte contre les feux de brousse, le déboisement et la surexploitation du capital 
forestier par des actions de sensibilisation, d'éducation et de mobilisation des popula-
tions sur l'importance et le rôle de l'arbre dans la gestion de l'environnement. 
Ce dernier aspect est particulièrement important et constitue le guide principal de 
la politique actuellement mise en oeuvre. La stratégie mise au point s'appuie sur 
plusieurs programmes tous aussi importants les uns que les autres. Une priorité est 
cependant accordée au programme 'Bois de Villages'. 
Les programmes en question sont les suivants: 
— les actions Bois de Villages, 
- l'aménagement des Forêts Naturelles, 
- la vulgarisation des Foyers Améliorés, 
- les plantations à grande échelle, 
— le contrôle et l'organisation de l'exploitation forestière. 
La responsabilité d'exécution de ces programmes est confiée aux trois services qui 
composent la Direction: le Service de Reboisement, le Service de l'Aménagement 
Forestier et le Service des Foyers Améliorés. 
Les actions Bois de Villages Ce programme très important constitue la cheville 
ouvrière de la politique forestière actuellement mise en oeuvre en Haute-Volta; il vise 
la sensibilisation et la formation des villageois de manière à ce qu'ils prennent en main 
eux-mêmes la gestion des ressources naturelles indispensables à leur vie domestique 
et à l'équilibre écologique de leurs terroirs. Cette prise en charge de l'exécution des pro-
grammes par les paysans eux-mêmes entraînera une réduction considérable des 
charges récurrentes engendrées par la plupart des projets de développement rural et 
qui causent d'énormes difficultés à l'Etat. Nous reviendrons plus en détails dans le 
chapitre prochaine sur les aspects conceptuels et organisationnels de ce vaste 
programme. 
LAménagement des Forêts Naturelles Ce programme s'appuie sur une politique de 
mise en valeur du domaine forestier de l'Etat constitué par les Forêts Classées ainsi 
que la protection et l'exploitation contrôlée des Forêts naturelles au niveau des villages 
(forêts villageoises) avec comme principe de base, une entière et responsable participa-
tion des populations intéressées. L'objectif de l'Aménagement est d'augmenter la pro-
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ductivité de la forêt en intégrant toutes les activités permettant une utilisation optimale 
et soutenue de celle-ci. Pour aboutir à un plan d'aménagement qui tient compte de 
toutes les utilisations possibles de la forêt, nous avons adopté une méthode rigoureuse 
qui s'appuie sur la 'Méthodologie d'évaluation des terres' appliquée ici à l'Aménage-
ment des Forêts Naturelles (FAO, 1976; Beek, 1978; Laban, 1981). Dans cette méthode, 
une place de choix est réservée aux enquêtes socio-économiques et à la sensibilisation 
des villages riverains des forêts à aménager de manière à intégrer les activités tradition-
nelles des villageois à l'aménagement des forêts. 
La vulgarisation des Foyers A méliorés Le foyer traditionnel à trois pierres ne permet 
qu'une utilisation limitée du pouvoir calorifique du bois avec un rendement marginal 
de l'ordre de 10 à 15% (Yaméogo, 1982). Actuellement, certains prototypes de foyers 
améliorés assurent une utilisation de 25 à 30% de l'énergie libérée par la combustion 
du bois. Les objectifs de la vulgarisation des Foyers améliorés est d'équiper le max-
imum de ménages de foyers performants de manière à diminuer le niveau de consom-
mation actuel de bois. 
Les plantations à grande échelle (autour des centres urbains) L'objectif de ces planta-
tions est de contribuer au ravitaillement des populations des villes en bois de chauffe 
et de service. 
Le contrôle et l'organisation de l'exploitation forestière La quasi totalité du bois con-
sommé en Haute-Volta provient des Forêts naturelles (les plantations n'en représentent 
qu'une partie négligeable dans le bilan global). Il s'avère donc particulièrement urgent 
d'asseoir une véritable politique d'organisation et de contrôle de l'exploitation 
forestière. 
Les actions Bois de Villages 
Conception et objectifs du programme 'Bois de Villages' 
Initié en 1978, la philosophie du programme 'Bois de Villages' est basée sur la 
mobilisation du monde rural, par des actions de sensibilisation et de formation ren-
forcée par un appui matériel et technique de manière à atteindre les objectifs suivants: 
1. A long terme, l'objectif le plus important sera de former les villageois et leur don-
ner les moyens de prendre en main eux-mêmes la conservation et la reconstitution des 
ressources naturelles essentielles à leur vie domestique et à l'équilibre écologique de 
leurs terroirs. 
2. A moyen et long terme, il s'agira: 
- de contribuer à la satisfaction des besoins des populations rurales en bois de 
chauffe, d'oeuvre et de service; 
- de favoriser la reconstitution d'un environnement propice aux activités sociales 
(ombrage, marchés) et agricoles (DRS, CES, micro-climat). 
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- de contribuer à fournir aux villageois des produits destinés à l'alimentation des 
hommes (fruits) et du bétail (arbres fourragers), à la pharmacopée et aux activités 
artisanales; 
- dans certains cas, créer des sources supplémentaires de revenus (vente de bois, de 
fruits, de gommes etc.). 
3. Dans l'immédiat, il s'agit d'encourager la réalisation de plantations individuelles 
et collectives dans le cadre des opérations de développement rural. 
Le principe adopté pour l'exécution de l'action Bois de Villages est l'appui: 
- appui aux services gouvernementaux concernés (en particulier service forestier et 
ORD) pour qu'ils puissent jouer un rôle mobilisateur, vulgarisateur et de soutien 
auprès des villages afin que ceux-ci entreprennent la reconstitution des formations 
boisées sur leur terroir; 
- appui technique (savoir-faire) et matériel (équipement) aux villages de telle façon 
que les villageois soient en mesure de réaliser une action de reboisement intrégrée dans 
le cadre de leurs activités agricoles et ceci d'une manière persévérante, tout au long des 
années; 
- appui ponctuel à des organismes et institutions locales dont l'action permet 
d'oeuvrer dans le sens du programme (radio-rurale, écoles, ONG'S, groupements etc.). 
L'action Bois de Villages comporte plusieurs volets qui sont: 
- le volet Promotion-Formation-Vulgarisation; 
- le volet Reboisement proprement dit; 
- le volet Expérimentation; 
- le volet Suivi, Evaluation, Amélioration. 
Dans les paragraphes suivants, un accent particulier sera mis sur les deux premiers 
volets. 
Les structures d'intervention 
La mise en oeuvre du programme de reboisement villageois est confié au Service du 
Reboisement de la D/AFR. Dans le soucis de mieux coordonner toutes les activités 
ayant trait à la foresterie rurale, il est créé au sein du service, une Unité de coordination 
appelée 'Unité Bois de Villages'. Cette unité joue le rôle de cadre d'accueil de tous les 
financements extérieurs et définit la politique générale à suivre en matière de reboise-
ment villageois. Elle assure la cohésion du programme au niveau national en égard du 
fait que les différentes régions du pays sont souvent assistées par différentes sources 
de financement. 
L'unité a établi une collaboration avec le GRAAP (Groupe de Recherche et d'Appui 
pour l'Auto-promotion Paysanne) et le CESAO (Centre d'Etudes Sociales de l'Afrique 
de l'Ouest) pour l'approche à suivre dans les domaines de l'animation et de la 
vulgarisation dans le milieu rural, la formation sociologique des agents, ainsi que pour 
l'évaluation périodique des résultats et l'évaluation de l'impact sociologique de l'action. 
Au niveau régional et local, le programme est mis en oeuvre par les Inspections 
forestières qui comprennent des agents dont l'activité principale est la réalisation du 
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programme. En outre, les Inspections collaborent étroitement avec les ORD 
(Organismes Régionaux de Développement) qui comprennent également des en-
cadreurs agricoles désignés pour apporter leur concours aux actions du projet. 
Mise en oeuvre des actions 'Bois de Villages' 
Nous essayons de montrer ci-après comment le programme est initié, réalisé et suivi 
par les structures d'intervention. Tout commence par la formation des agents d'en-
cadrement; suivent les séances de sensibilisation au niveau des villages à l'issu des-
quelles quelques uns d'entre eux sont retenus selon leur engagement et leur motivation 
propres pour participer à l'action. A la fin de chaque campagne, on procède à une 
évaluation technique, puis tous les deux ans à une évaluation sociologique. 
Promotion, vulgarisation et formation 
Dans une première étape il s'agit d'une action de formation destinée principalement 
aux agents de terrain (encadreurs ORD et forestiers) afin de les perfectionner dans les 
techniques d'animation rurale. Pour ce faire, l'Unité 'Bois de Villages' et le GRAAP 
avec la collaboration du CESAO ont mis au point un programme et un matériel didac-
tique nécessaires pour effectuer une campagne de promotion et de vulgarisation de 
reboisement et de la conservation de l'environnement. Ainsi, une série éducative ap-
pelée: 'Vivre dans un environnement vert' a été mise au point. Elle comprend trois 
recherches qui sont: 
- 1ère recherche: 'Les changement dans notre environnement'. Cette recherche est 
essentiellement une recherche de prise de conscience, basée sur le principe de com-
paraison des environnement d'hier, d'aujourd'hui et de demain. 
- 2ème recherche: 'Nous avons besoins des arbres pour vivre'. Elle fait l'inventaire 
de toutes les utilisations qui sont faite avec le bois (donc les arbres) et par voie de consé-
quence l'importance et le rôle que joue l'arbre dans la vie domestique des populations. 
D'où la nécessité de reboiser et de protéger ce qui existe. 
- 3ème recherche: 'Etre maître de son terroir'. Il s'agit d'abord de voir que la brousse 
est indispensable à la vie du village mais qu'elle est en train de mourir par notre faute. 
Elle fait la synthèse de toutes les actions que les villageois peuvent entreprendre pour 
mieux vivre, et elle touche de ce fait toutes les activités de développement rural 
(Elevage, Agriculture, Foresterie, Hydrologie). 
Chacune de ces 3 recherches comprend 3 parties importantes: 
- Voir la situation. Un questionnaire d'éveil est posé, puis dans le cas de la 1ère 
recherche on demande de comparer l'environnement d'autrefois et celui d'aujourd'hui 
pour faire prendre conscience des changements intervenus. 
- Réfléchir sur cette situation. Il s'agit de réfléchir sur les causes et les conséquences 
de cette situation sur les personnes, les animaux, l'environnement et de situer la 
responsabilité de l'homme. 
- Agir pour changer ou améliorer la situation. Il s'agit de passer aux actions; d'abord 
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faire ce qui peut être fait tout de suite, ensuite voir ce qui peut être fait plus tard (prévoir 
à moyen et long terme) soit individuellement soit en groupe et ce dans le but 
d'améliorer la vie sur le terroir. 
Ces recherches sont utilisées par les agents forestiers et encadreurs agricoles ainsi 
formés pour la sensibilisation au niveau des villages; c'est ainsi qu'au cours de réunions 
avec les villageois, la 1ère recherche est présentée et des échanges ont lieu entre les 
villageois eux-mêmes et avec l'animateur. C'est la première étape au bout de laquelle, 
sont sélectionnés les villages les plus motivés qui ont décidé d'entreprendre une action 
collective (en général plantation d'un hectare). 
A partir de la deuxième année les deux autres séries sont présentées selon le degré 
de sensibilisation et de mobilisation des villages. 
Le reboisement villageois proprement dit 
L'approche adoptée pour le reboisement dans les villages tient compte des pro-
blèmes rencontrés par différentes actions de reboisements villageois déjà réalisées 
dans le pays. Il s'agit notamment des problèmes de protection et d'entretien des planta-
tions, de transports et d'approvisionnement en plants et surtout de participation de 
la population. ' 
L'expérience a montré que d'une façon générale, il est raisonnable de prévoir une 
plantation de 1 à 2 ha seulement par an pour un village compte tenu de la disponibilité 
des paysans face aux autres activités de volontariat qui s'opèrent dans le village. Par 
collectivité on prévoit un moyen de 8 ha de plantation total. Ces plantations restent 
des plantations collectives, ce que veut dire que la récolte appartient à tout les person-
nes du village. 
1ère année Dans chaque département, une réunion tripartite (Unité Bois de Villages, 
ORD, Inspection forestière) détermine 2 à 3 secteurs où l'action va démarrer. Le choix 
de ces secteurs est basé sur les différents critères, tout particulièrement sur les besoins 
en bois et les caractéristiques écologiques. Un soutien logistique est apporté aux agents 
de terrain (ORD et forestiers) notamment par la fourniture de mobylettes pour que 
le travail de sensibilisation, d'animation et de plantation dans les villages de ces 
secteurs puisse être réalisé correctement. 
A la suite de leur campagne de sensibilisation, les agents sur le terrain et grâce à leur 
contact avec les villageois évaluent et déterminent quels villages ont répondu positive-
ment en vue de la réalisation des travaux de reboisement. Pour la 1ère année il s'agira 
de 20 à 30 villages répartis sur les 2 ou 3 secteurs choisis dans le département. Les 
agents fournissent également les données nécessaires pour déterminer l'appui à ap-
porter à chaque village en fonction de sa situation propre (généralement il s'agit du 
grillage de protection et des plantes). 
Appuyés par les agents de terrain (ORD et forestiers), les villageois procèdent en-
suite aux différents travaux de reboisement (choix du terrain, piquetage, trouaison, 
plantation, sarclage, clôture, entretien divers). L'ampleur et la nature du travail à 
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réaliser sont déterminées en fonction des désirs exprimés par les villageois et de la 
situation dans les villages (nature des besoins, disponibilité des terrains). Le choix des 
espèces est en principe décidé par les villageois en fonction de leurs besoins (bois de 
feu, bois de construction, frutiers, ombrage, etc.). Notons également que chaque 
village participant à l'action reçoit un certain nombre de plants à distribuer afin d'en-
courager les plantations individuelles et familiales. 
2ème année Les villages ayant réalisé un reboisement la 1ère année sont incités à 
poursuivre leur effort et reçoivent toujours un appui technique et matériel du Service 
Forestier. Parallèlement, les agents de terrain étendent le programme de sensibilisation 
aux villages environnants pour les inciter à suivre l'exemple. Dans chaque Départe-
ment, il s'agit d'ajouter aux 20 - 30 anciens villages et 20 à 30 nouveaux. 
3ème année Elle voit se dérouler le même programme avec l'extension de l'action à 
une nouvelle tranche de villages, et l'introduction des pépinières villageoises. 
4ème année A partir de la 4ème ou 5ème année, une bonne partie des villages ayant 
réalisé des reboisements dès les 2 premières années (1ère phase) doivent devenir 
autonomes quant à la production des plants dans les pépinières villageoises et à l'appui 
matériel: le grillage ayant servi à protéger la 1ère plantation peut être déplacé et utilisé 
pour la 4ème ou 5ème parcelle, et ainsi de suite. 
Actuellement, la majorité des plants est produite par les pépinières de secteur gérées 
par le Service Forestier. La création des pépinières villageoises est effectivement un 
aspect très important du programme Bois de Villages dans le cadre de la recherche de 
l'autonomie villageoise. Dans le même ordre d'idée, on note que jusqu'à présent la 
supervision des travaux sur le terrain par les agents d'encadrement est encore 
nécessaire. L'autonomie indispensable des villages doit permettre au Service Forestier 
de consacrer ses efforts à une nouvelle tranche de villages. 
Comme déjà souligné plus haut, parallèlement à ces efforts spécifiques de reboise-
ment et de conservation de la fertilité des sols, on prévoit des actions auxiliaires de con-
servation de la brousse, de lutte contre les feux de brousse, de défense et de restauration 
de sol (DRS/CES) et enfin des actions d'amélioration de l'utilisation du bois (Foyers 
améliorés). 
Expérimentations 
Les expérimentations portent sur les points suivants: 
- Mise au point de méthodes agro-forestières adaptées à la région. 
- Protection des plantations en essayant différents types de clôtures (haies vives) 
notamment en vue du remplacement du grillage qui n'est pas à la portée des moyens 
financiers du paysan. (Le grillage représente environ 30 à 40 % du coût moyen d'une 
plantation villageoise qui se situe aux environs de 200 000 F.CFA.) 
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- Mise en défens de la végétation naturelle contre le brout du bétail et les actions de 
l'homme. 
- Propagation, culture et utilisation d'espèces locales forestières notamment le Néré 
(Parkia), le Karité (Butyrospermum), le Baobab (Adansonia) et le Kapokier (Bombax). 
- Mesures anti-érosives en vue de la conservation des eaux et des sols. 
Suivi, évaluation et amélioration 
Ce volet institue et utilise le principe d'évaluations périodiques en tant qu'outil 
d'amélioration des actions 'Bois de Villages'. L'accent est surtout porté sur les évalua-
tions sociologiques d'impact du reboisement auprès des populations touchées. Pour 
ce faire, des enquêtes sont réalisées tous les deux ans dans un échantillon de villages 
concernés en vue d'évaluer l'impact social de l'action auprès des villageois et d'iden-
tifier les lacunes et les problèmes à résoudre dans l'approche d'animation rurale. 
Ces évaluations complétées par des relevés sur les résultats techniques atteints, ser-
vent ensuite d'éléments de discussion lors des séminaires regroupant les différents col-
laborateurs de l'action 'Bois de Villages' (GRAAP, CESAO, Unité Bois de Villages, 
Inspections forestières et ORD). Les réflexions faites sur les probèmes relevés condui-
sent à la prise des mesures tendant à améliorer l'action mise en oeuvre. 
Résultats obtenus et problèmes rencontrés 
Les résultats obtenus 
Depuis le début du programme (1979) 860 villages (soit plus de 12 % du nombre total 
de villages en Haute-Volta) ont réalisé une superficie de 1 200 ha de reboisements col-
lectifs et près de 1 500 ha de reboisements individuels et familiaux, avec un taux de 
réussite moyen d'environ 70 %. Cependant pour les boisements individuels et 
familiaux, l'insuffisance de la protection entraîne un développement moins satisfai-
sant des plants. 
A l'heure actuelle 124 pépinières villageoises ont été créées dont près de 80 % sont 
fonctionnelles. Dans tous les cas, l'action tend à couvrir l'ensemble du pays y compris 
les régions encore bien boisées où un accent particulier est mis sur la protection de la 
forêt naturelle. 
Les problèmes rencontrés 
Malgré les résultats encourageants du programme, un certain nombre de problèmes 
demeurent, dont les plus importants sont évoqués ci-après. 
/. La disponibilité de terres La compétition entre l'agriculture et les activités 
forestières et surtout le statut de la terre risquent de constituer à terme un frein à l'ex-
pansion des reboisements collectifs. Des solutions doivent être trouvées dans l'agro-
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foresterie et le développement des plantations familiales, mais le problème de la pro-
tection demeure. A l'avenir les villageois devront apprendre à utiliser leur terroir selon 
la vocation de chacune des zones qui le composent. Ainsi, les zones à vocation 
forestière pourront recevoir tous les efforts nécessaires à l'augmentation de la produc-
tion ligneuse. Dans les régions où il existe encore des forêts naturelles, un grand espoir 
peut être fondé sur la protection et l'exploitation contrôlée de réserves à constituer au 
profit du village. 
2. La formation des villageois Dans la conception du programme 'Bois de 
Villages', la formation des villageois doit contribuer à les rendre autonomes pour les 
activités forestières et de conservation de l'environnement. Cependant cela constitue 
encore un problème important du fait que les agents d'encadrement eux-mêmes n'ont 
pas souvent suffisamment assimilé l'objectief poursuivi par le programme et en consé-
quence n'assurent pas le transfert progressif des connaissances aux villageois. C'est 
ainsi que nombre de villages après trois campagnes dépendent encore étroitement de 
l'agent d'encadrement pour la réalisation des opérations de reboisement. Il faut en ef-
fet souligner le fait que les villageois doivent être non seulement sensibilisés mais 
également formés techniquement pour réaliser eux-mêmes les différentes actions. 
3. Le manque d'eau Ce problème a des incidences directes sur l'implantation des 
pépinières villageoises indispensables à l'autonomie des villages. En effet, dans les 
régions du nord du pays, la baisse généralisée du niveau de la nappe rend inefficace 
les puits et même les forages; de sorte que la création de pépinières villageoises s'avère 
dans plusieurs cas fort problématique. Il est donc à craindre que l'objectif final du pro-
gramme ne soit pas atteint dans ces cas précis. 
4. Le manque de personnel Grâce à l'efficacité de la sensibilisation, on assiste à une 
augmentation rapide du nombre de villages prenant part aux actions 'Bois de 
Villages'; cela entraîne des problèmes d'encadrement en regard desquels le service 
forestier éprouve des difficultés dues à l'insuffisance du personnel forestier. Actuelle-
ment le manque de personnel constitue réellement un goulot d'étranglement qui oblige 
à freiner l'extension du programme à de nouveaux villages. 
5. La protection des plantations individuelles et familiales Les plantations in-
dividuelles et familiales ont toujours figuré parmi les objectifs du programme. Cer-
taines sources de financement ont souvent emprunté cette approche. Il faut cependant 
reconnaître que le problème de la protection se pose avec acuité et constitue un frein 
réel à l'extention de ce type de plantations. Les arbres plantés dans les cours bénéficient 
évidemment de soins particuliers. Par contre pour les arbres plantés individuellement 
ou à petite échelle dans les champs selon un dispositif lâche, la protection est effective-
ment difficile et très souvent inefficace ou trop chère. 
Il convient ici de noter que les plantations collectives (qui beneficent d'une protec-
tion avec du grillage) constituent avant tout un moyen de sensibilisation des villageois 
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afin de développer leur propre initiative. C'est ainsi que durant la campagne de reboise-
ment, un nombre de plants équivalent à celui consacré à la plantation collective est 
mis à la disposition des villageois pour leurs plantations individuelles; il va de soit 
cependant que les individus qui désirent reboiser des superficies importantes sont 
tenus d'acheter le nombre de plants nécessaires. 
Conclusion 
L'important programme de plantations villageoises constitue actuellement la base 
de la politique forestière en Haute-Volta. L'action de sensibilisation et de mobilisation 
a eu des conséquences telles que les structures d'encadrement éprouvent d'énormes dif-
ficultés pour le suivi et l'appui des villages engagés dans l'action. Durant une période 
transitoire, on a décidé de freiner l'expansion du programme de manière à mieux con-
solider les acquis. Ceci traduit à n'en pas douter une prise de conscience effective et 
progressive des populations rurales face aux problèmes de leur environnement. 
L'espoir est donc permis quant à l'avenir du programme, malgré les problèmes épineux 
qui surgissent et parmi lesquels il convient de retenir en priorité celui de la terre. 
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Strategies adopted in the Development of Diversified Forest 
Rehabilitation Project, north-east Thailand 
P. Pinyosorasak 
Project THA/81/004, Nakhon Ratchasima, Thailand 
Summary 
The first part of the paper deals with the history of a request, in the early 1970s, to UNDP 
by the Royal Thai Government for assistance for the initiation of a pilot reforestation project 
for north-east Thailand. It discusses the original decision of the 1940s to reserve over 50% of 
the total area of the Kingdom as forest and the slow pace of the subsequent reservation and 
reforestation. This process is contrasted with the rapid deforestation by the insatiable demands 
of a growing economy for timber, fuelwood and agriculture. 
The second part of the paper covers the planning phase of the project. It gives detailed data 
on land, forest and human resources, which determine the conditions for the attainment of the 
reforestation objective. Based on this information, on recommendations of the World Con-
ference on Agrarian Reform and Rural Development and on the FAO Committee on Forestry 
and on policy decisions of the Royal Thai Government, a strategy emerged which aims at 
reforestation of some parts of degraded forests, coupled with socio-economic development of 
rural people, changes of mutual attitudes between foresters and rural people, and inter-agency 
cooperation. 
Once the strategy was adopted, it was easy to design a project document, summarized in the 
last part of the paper, for implementation of the strategy. 
Keywords: Reforestation degraded land, forest policy, forest management principles, forestry 
development, agriculture/forestry relations 
Résumé 
Les stratégies adoptées pour le développement du projet de rehabilitation diversifiée de forêts 
dans le nord-est de la Thaïlande 
La première partie du document décrit la requête faite au début des années 1970 par le 
Gouvernement Royal Thaïlandais auprès de l'UNDP pour obtenier de l'assistance afin de 
pouvoir lancer un projet-pilote de reboisement dans le nord-est du pays. Une décision originale 
datant des années 1940 concernait la mise en réserve de plus de 50% de la superficie du Royaume 
pour le forêt. Les lents progrès de mise en réserve et de reboisement qui suivirent contrastent 
fortement avec la rapidité du déboisement annuel causé par les besoins insatiables d'une 
économie en développement qui demande du bois de construction, du bois de chauffage et des 
produits agricoles. 
Dans la seconde partie du document il s'agit de la planification du projet. Des informations 
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détaillées sur le terrain, la forêt et les sources humaines sont données. Ceci permet de déterminer 
les conditions nécessaires pour réaliser le reboisement. 
A partir de ces informations, une stratégie fût élaborée. Elle était basée sur les informations 
et les recommendations de la Conférence Mondiale pour la Réforme Agricole et le Développe-
ment Rural; le Comité Forestier FAO et les décisions politiques du Gouvernement Royal de la 
Thaïlande. Cette stratégie visait le boisement de reconstitution de certaines parties de forêt 
dégradée, allant de pair avec le développement socio-économique de la population rurale, le 
changement réciproque d'attitude des forestiers et de la population rurale ainsi que la coopéra-
tion inter-agencielle. Cette stratégie était la condition essentielle pour assurer la réussite des 
objectifs du projet. Une fois que la stratégie fût adoptée, il fût aisé d'ébaucher un projet pour 
le réaliser. La dernière partie du document traite ce sujet sommairement. 
Background 
In 1949 when the total population of the Kingdom of Thailand was 20 million, the 
Food and Agriculture Organization of the United Nations (FAO) recommended that 
270 000 km2 or 52.5% of the total land area of 514 000 km2 was to be created as Forest 
reserves (Samapuddhi, 1957). Approximately 43,26,13,11 and 7% of the areas recom-
mended for reservation were in the north, north-east, central, south and eastern pro-
vinces, respectively (Barnard et al., 1980). 
The actual area of land covered by natural forests was higher than recommended 
for reservation. In 1957, it was estimated that 321 559 km2 or approximately 63% of 
the land area of the Kingdom was covered by natural forests. Of this area only 49% 
was classified, at that time, as accessible. The area to be created as forest reserves was 
84% of the total area covered by natural forests. The population of the Kingdom was 
estimated in 1957 at 24.15 million (United Nations, 1980), and not much attention was 
paid to the potential pressure of the increasing population on reserved forest land. 
The process of reservation was, however, slow, as by 1957 (7 years after FAO's recom-
mendation) only 33 686 km2 or 12.5% of the area earmarked for reservation had ac-
tually been reserved; and by 1980 about 173 000 km2 or 64% had been legally 
registered and mapped, with very few reserved forests actually having boundaries 
delimited on the ground. 
Between the early 1960s and early 1970s, the rates of deforestation increased as a 
result of easier access to forests by the increased tempo of construction of first-class 
roads and dams, demand for cash crops like kenaf, tapioca and maize for animal feed, 
accelerated economic activity, and pressure for timber for housing (Fig. 1). Com-
parison of aerial photographs taken in 1961 with Landsat imagery for 1973 and 1977 
indicated that in the whole Kingdom natural forests for reservation had dwindled from 
270 000 km2 in 1961 to 200 000 km2 in 1973 and then to 130 000 km2 in 1977. Thus, 
between 1961 and 1977 an area of 140 000 km2 was deforested (Barnard et al., 1980). 
In the same period the total population of the Kingdom increased from 27.21 million 
in 1961 tot 39.69 million in 1973 and 44.04 million in 1977 (United Nations, 1980). 
Since the late 1970s, further increases in the rate of deforestation have been caused 
by people who lost employment because of reduction in public expenditure on roads 
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Fig. 1. A new village established since June 1982. Degraded area burnt by fire can be found 
just above the village; intact natural forest is higher above. 
and dams, and by landless peasants in quest for land. The result is that large areas of 
forests, both hilly and low-lying, have been illegally occupied. 
The highest rates of deforestation occurred in the north and north-east where the 
recorded area of existing forest and rates of deforestation were as follows (Barnard et 
al., 1980): 
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Existing natural forests (km ) Rates of deforestation (km /a) 
-east 
1961 
116 000 
71 000 
1973 
96 000 
47 000 
1977 
69 000 
28 000 
1961-1977 
2 900 
2 700 
1973-1977 
6 800 
5 000 
The natural pine-dipterocarp forests of the north and the association of pine-
dipterocarp forest, dry evergreen forest and dry deciduous forest of the north-east 
originally constituted, respectively, 43 and 26% of the total area set aside for reserva-
tion in the country. Contributory factors for deforestation in these areas have been the 
large production of sawn timber in the 1970s (nearly 2 million cubic metres per year), 
and the clearing of forests for slash-and-burn agriculture after selective felling of trees 
(World Bank, 1980). 
The high rates of deforestation, especially in the north and north-east of Thailand, 
and their deleterious effects on watershed and timber resulted in a request by the Royal 
Thai Government for assistance by the United Nations Development Programme 
(UNDP), submitted by the Royal Forest Department (RFD) in the early 1970s. Follow-
ing this request the Royal Thai Government, with assistance from UNDP/FAO, com-
menced the Mae Sa Integrated Watershed and Forest Land-Use Management Project 
in the north in 1973 (and continued implementation for a period of 10 years up to 1982) 
(Jackson, 1979; Anon., 1980). In the north-east the Development of Diversified Forest 
Rehabilitation Project started in 1979. The aim of these programmes was to study the 
problems of deforestation and to make recommendations for improved forest land use 
to the Royal Thai Government. 
Planning phase of the Diversified Forest Rehabilitation Project 
The planning of the diversified forest rehabilitation project commenced at the in-
itiation of the Mae Sa project. Project documents were prepared between 1974 and 
1978. A firm decision on the need for the project was slow, as was the form it was to 
take. This was probably because of the belief, at that time, that recommendations 
from Mae Sa would equally apply to the north-east. 
However in 1978, a decision was taken to tackle the problem of deforestation in the 
north-east separately and cautiously by the initiation of a pilot project in an area of 
10 000 ha in Khao Phoo Luang Forest Reserve, typical of degraded forest areas. 
Depending on its success, it would be replicated in other areas of the region. This pro-
ject was planned in two phases: 
- Phase I for the collection of data on human, land and forest resources of the pro-
ject area, and the preparation of a project document for Phase II, 
- Phase II for the implementation of the pilot project. 
The request for assistance by RFD did not imply that the Royal Thai Government 
was not making its own attempts to solve the problem of deforestation. Reforestation 
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programmes gathered momentum in the early 1970s, reached their peak in the late 
1970s and started to decline by 1980. At that time the area of man-made forests in-
cluding overmature rubber plantations had reached over 60 000 ha (World Bank, 
1980). These plantations have been established by both RFD, the Forest Industries 
Organization (FIO) and some private farmers. However, out of the existing planta-
tions, only some 33% can be considered as fully established, the rest having been 
destroyed by fire or degraded by forest encroachers. 
The problems resulting from forest encroachment were therefore familiar to the 
authorities, and were clearly spelt out in the project document for Phase I. Among 
the problems were the need for reforestation of degraded forest, land allocation and 
resettlement of forest encroachers in forest reserves, and the socio-economic develop-
ment of the affected rural population. 
Phase I 
The project document was ready at the beginning of 1979, and field work commenc-
ed in March 1979, although full implementation could not begin till March 1980. 
The development objective of the Phase I pilot project was based on the situation 
as it was seen in the late 1970s. It was described as management and development of 
Thailand's land and forest resources in the north-east in a way consistent with long-
term economic and environmental considerations and socio-economic realities (Royal 
Thai Government/UNDP, 1981). 
The immediate objectives were briefly as follows: 
- establishment of specific local administrative mechanism to ensure regular con-
sultation and active involvement by local governmental agencies, 
- implementation and analysis of socio-economic surveys of the pilot reforestation 
area and its immediate environment, 
- implementation and analysis of soil and potential land-use survey of the area, 
- implementation and analysis of forest inventory survey of the area, 
- review of existing forest legislation and to make recommendations, 
- based on the results of the previous objectives, planning of action for a second 
follow-up phase. 
At the time of initiation of Phase I in 1979, the World Conference on Agrarian 
Reform and Rural Development (WCARRD) organized by FAO, was held in Rome. 
This conference declared, among other things, that there should be no further delays 
in tackling the problem of inequities in distribution of resources, incomes and oppor-
tunities for the rural poor (FAO, 1981). The project therefore appeared to have had an 
auspicious start. 
In the early stages of Phase I, a copy of FAO's new strategy for development endors-
ing the decision by WCARRD, and approved by the Committee on Forestry (COFO) 
at its meeting held in Rome on 26-30 May 1980 (FAO, 1980) was received by the project 
office. It was summarized and translated into Thai and discussed by the Chief 
Technical Adviser with RFD and the Faculty of Forestry at Kasetsart University, 
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Bangkok, with reference to the need for orientation of both practising and future 
foresters on social problems as part of their university education. This FAO strategy 
gave some guidelines much in agreement with the immediate objectives of Phase I, and 
therefore helped to clarify the problems and possible solutions for the pilot project. 
Outputs for Phase I, upon which, the preparation of the project document for Phase 
II was based, were as follows. 
1. Reports of socio-economic surveys showed that the pilot project area was oc-
cupied by 1300 households of average size 5 persons, mainly semi-literate farmers who 
consume rather large amounts of wood for fuel and dwelling construction. They oc-
cupy on average nearly 4 ha of land, and produce on average about 2.91 ha-1 a-1 main-
ly of maize. The reports also revealed that most farmers have patronage relationships 
with merchants who buy farm produce and who offer seemingly generous loans for 
instance with easy rescheduling terms for food, tillage, land-rent payment, labour 
employment and hospital treatment. But in the end these arrangements cripple the 
poor farmers to the extent that they lose ownership of their lands and become tenants 
to the merchants. 
2. Report on soil and potential land-use survey divided the soils of the project area 
into capability classes based on slope, depth and drainage. It identified 60% of the 
area as being suitable for annual cultivation, while the remaining 40% should be used 
for tree planting or maintenance under permanent natural forests. 
3. Report on forest inventory indicated that irreversible destruction of natural forest 
(mainly for farming) was proceeding at the rate of 10% of the project area per year. 
By 1980 only 7% of the reserved natural forest of the area remained. In this small area 
of natural forest, the density of trees, standing basal area and volume were respectively 
8.4, 5.7 and 10%, of similar characteristics in undisturbed natural forest (Wacharakitti 
et al., 1980). The impoverished structure of the seemingly intact area of natural forest 
had been caused by frequent and unplanned selective removal of useful timber, poles 
and firewood. 
4. Report on studies of forest legislation revealed the complexity of forest laws, their 
incomprehensibility to the ordinary forester, and the deep concern by RFD of the 
unabated destruction of reserved natural forests. This destruction is mainly caused by 
shifting and sedentary cultivators, whose presence in the reserved forests with its 
potential and continued impact had been ignored at the time of reservation. Their in-
fluence is continuing even now in forests classified as managed. The report praised the 
RFD for its farsightedness in preparing a new forest policy which seeks to integrate 
forestry with agriculture as the only lasting alternative, and recommended the for-
mulation of a new set of forest laws consistent with RFD's new forest policy. 
5. Report on agro-forestry studies explained that forestry and agriculture play in-
teractive roles and that it is beneficial to integrate the two in reforestation projects. 
6. Results of contacts with governmental and other agencies indicated that the public 
is much aware of the problem of forestry and at the local level that there are abundant 
resources in men, materials and technical know-how to be tapped for integrated rural 
development projects. A prerequisite for such projects is that the problems of financ-
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ing be revolved early in order that budgetary provisions can be made to the agencies, 
and that the competitive spirits of agencies are channelled into cooperative endeavours. 
Comments on Phase I 
The information revealed in the reports is not unique to the Kingdom of Thailand. 
Indeed in many developing countries, the benefits of the forests go to the articulate 
urban minority, and the strict forest laws are unenforceable (at least at this time). 
These laws have been passed on recommendations of foresters only and ensure that 
forests are protected for the urban minority, while creating barriers between rural 
peoples and their environments. The forests are, in effect, sacrosant private estates 
within states, with strict laws forbidding entry for cutting timber, poles, firewood, 
removal of herbs and killing of wildlife by the rural majority of some 70-80% of the 
total populations, whose livelihood is directly linked to the forests. It is surprising that 
such a fallacy persists, when forest policies the world over (including developing coun-
tries) aim at the welfare of the people. Large areas of lands, varying from 10-50% of 
the total area of countries have been declared forest reserves with the most important 
consideration for reservation being availability of saleable timber. Demands for land 
by rural populations, and for protection of soil and water, received only second priori-
ty. It is no wonder that forests so reserved have been under heavy pressure by rural 
populations, and that the problems of forest destruction which have generally been 
raised to the political level, are now beyond the power of the forester. 
Regarding the mutual roles of forestry and agriculture, many foresters agree that 
both forestry and agriculture aim at the most effective management of the soil for the 
benefit of man. Agriculture in most developing countries is practised by agricultural 
scientists; and yet, forestry practice, unlike agriculture, is encysted in mysterious 
jargon understood only by the forester. In the long term, foresters may be obliged to 
take on a similar role to agriculture scientists. 
Towards the end of Phase I, the Royal Thai Government's Fifth National Social and 
Economic Development Plan for the period 1981-1985 was launched. It emphasized 
the problems of deforestation and the fear of future increases in severity of annual 
droughts, disturbances in the hydrological cycle, migration to towns, and general en-
vironmental degradation. It set down a programme aimed at harmony between human 
settlement and natural resources, initiation of land reform in suitable areas, promo-
tion of grouping of scattered rural families to form coherent social units, development 
of fundamental socio-economic services, and discouragement of migration to the 
towns. 
Thus at the end of phase I the following insights had emerged: 
1. Large areas of valuable natural forests and watershed basins have been ruined as 
a direct result of the slow rate of reservation, the increased rural population depending 
on farming and as an indirect result of the forester's long-range planning based mainly 
on timber exploitation. 
2. The Royal Forest Department has taken steps to reverse the process of deforesta-
186 
tion through reforestation and protection of existing natural forests. However, poor 
results had been achieved not through the lack of technical know-how, but through 
the impact of social problems beyond the control of foresters. 
3. The disastrous nature of current rates of deforestation and feeble nature of 
counter-balancing processes of reforestation and natural forest protection tend to lead 
to future catastrophe for both agriculture and forestry. 
4. Foresters both in Thailand and in other developing countries had taken a second 
look at their policies, laws and forest management in order to orient themselves to the 
real needs of the people. It gradually became realized that they should treat social pro-
blems as seriously as they treat the science of forestry and that measures to improve 
the welfare of local people should be included in forestry programmes. 
5. Also it was recognized that in the long run forest science should evolve in the direc-
tion of cooperation with other disciplines like agriculture, social sciences, etc. and that 
the forester should eventually develop to the level of an extension officer. 
6. In its rural development programme the Royal Thai Government had stressed the 
problem connected with forest destruction. Also the international community had 
recognized these problems as indicated in various FAO studies, and a procedure was 
being developed which could lead to reducing its adverse impact on the rural people. 
7. Finally the Royal Forest Department, throughout phase I, maintained its intention 
to go ahead with the pilot project by making available a corps of young forestry of-
ficials to implement the programme. Also roads had been constructed into the project 
area, nurseries had been established for small trial plantings and contacts had been 
maintained with the forest encroachers. 
Design for the implementation of a pilot phase 
Based on the understanding of the problems being faced and the data collected 
towards the end of phase I a clear strategy for the pilot reforestation proj ect had emerg-
ed. This would involve reforestation of parts of degraded forests unsuitable for 
agriculture, combined with socio-economic development in the form of village 
development, land allocation, diversified cropping and cottage industries. The willing 
participation of rural people in project activities was recognized as a precondition for 
the achievement of these objectives. Also reciprocal changes in attitudes of both 
foresters and rural people and the application of inter-agency cooperation would be 
needed. 
For implementation of this strategy a project document was designed with the 
following features (Royal Thai Government/UNDP, 1981): 
- development objectives, 
- immediate objectives, 
- activities. 
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Development objectives 
Development and effective management of land and forest resources consistent 
with long-term socio-economic and environmental considerations to resolve some 
fundamental issues of crucial importance such as: 
- inequities in land-use and land allotment; 
- acquisition de facto of reserved forest lands for cash cropping and subsistence 
farming; 
- imminent shortage of timber and wood energy in a country with abundant 
resources to produce them; 
- increasing rural poverty in the midst of high annual national economic growth rate; 
- inequities and stark contrast between standards of living of urban and rural 
populations; 
- the irony that the sparsely populated rural areas can only support decreasing pro-
portions of total national population, as population pressure on urban areas in-
creases; 
- the non-participation by the rural population in identifying, planning and im-
plementing programmes geared to their future welfare; 
- the need to conserve and manage the remaining areas of natural forest to the 
benefit both of the resident populations as well as for the longer-term environmental 
needs of the country. 
Immediate objectives 
The pilot project is to be viewed as a practical means of tackling the fundamental 
issues outlined in the development objectives by the use of reserved forest land for 
resettlement and agriculture harmonized with forestry practices. Project activities in-
clude the following: 
1. Forest rehabilitation over an area of some 3700 ha or 39% of the total area. 
2. Socio-economic development of some 6 villages with a total population of 1000 
families through: 
- agro-forest village development based on the stated needs of the rural people; 
- provision of basic economic and social infrastructures including construction of 
small dams, supply of agricultural inputs, bank loans, marketing advice, introduction 
of cottage industries, assistance to schools and health centres, and establishment of 
woodlots and shelterbelts; 
- identification, demarcation and allocation of some 5700 ha of good agricultural 
lands, or 60% of total area for agriculture at 2.4 ha per family on permanent usufruc-
tuary basis; 
- education and guidance of the rural families in the appreciation of the principles 
and intrinsic values of agro-forestry, forests, techniques of diversified agricultural pro-
duction and tree farming, and to win their willing participation in the project. 
3. Project Staff Development to enable the staff to employ technical, ecological, 
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biological, financial, socio-economic and political skills and technologies successfully 
applied to the pilot project to identify, design and implement policies and strategies 
for other areas in the north-east. ^ 
4. Development of infrastructures such as roads, offices and workshops to facilitate 
implementation of the project. . 
Additional special considerations for the project were that it should be concerned 
with the integration of the rural poor into the development process of Thailand, and 
with preservation of the rural environment. Also it should share its experiences with 
others within the framework of the FAO programme on forestry for local community 
development in the Asian region. 
Activities 
During the period of the project the following activities will be carried out. 
1. Forest rehabilitation: 
- establishment and maintenance of 3 nurseries to produce 3.16 million tree seedlings 
for establishment of over 2000 ha of forest plantations, and sufficient seedlings of 
fruit-trees for supply to farmers (Fig. 2); 
- forestry extension to some 1000 families to encourage them to establish woodlots, 
shelterbelts and tree farms; 
- research into agroforestry in the forest plantations; 
- protection of some 660 ha of pockets of natural forests. 
2. Socio-economic devlopment: 
- development of at least 6 new agroforest villages; 
- construction of dams and weirs for the villages; 
- assistance to schools and health centres; 
- introduction of cottage industries such as charcoal burning, bee-keeping, fish-
farming and livestock breeding; 
- land allocation to 1000 families and granting of usufructuary certificates to the 
families; for a first certificate the term of tenure is 5 years; after this period it may 
possibly be converted into permanent right of tenure; 
- diversified annual cropping over agricultural lands; 
- establishment of 960 ha of fruit orchards (Fig. 3); 
- acquisition of bank loans to the rural population; the certificates of tenure are ac-
cepted as a guarantee for such loans; 
- study tours and farmers' training. 
3. Staff development: 
- study tours by staff with farmers to proj ects within Thailand and outside Thailand; 
- seminars and fellowships for project staff. 
4. Infrastructural development: 
- construction of 80 km of roads, construction of ten staff quarters and one work-
shop. 
These activities are planned to be implemented by the end of the project in 
189 
Fig. 2. Potted seedlings in 2 year old planting of Eucalyptus camaldulensis. 
September 1985. This should be done through the joint efforts of a team of 15 
technical staffmembers, 20 supporting staffmembers and 120 local workers from 
Thailand assisted by 7 international experts. The financial contribution to the project 
are estimated at Baht 30.6 million from the national budget and US $ 1.1 million from 
international donor agencies (FAO/UNDP). The different activities will be carried out 
by the Royal Forest Department in cooperation with several other Thai agencies, like 
the provincial government, the local branches of the department of agricultural exten-
sion and the Bank for Agriculture and Agricultural Cooperatives, the regional office 
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Fig. 3. A young fruit orchard in the project area - showing mangoes and bananas. 
of agriculture and regional irrigation service, the provincial health service as well as 
the local community development bureau and non-formal education centre and the 
SVITA foundation in Bangkok. 
Acknowledgments 
I wish to express my deepest appreciation to Mr L.K. Danso, Chief Technical Ad-
viser, for the project, for his invaluable contribution to its preparation, and to Dr M.K. 
Muthoo, Director of Operations Service, Forestry Department, FAO, Rome, and the 
following members of his staff, for reading the draft and making useful suggestions 
and changes: Mr K.S. Singh, Ms Palmberg, Mr J.P. Lanly, Mr R. Levingston, Mr M.S. 
Kim, Mr Y. Nissawa and Mr P.C. Lee. Lastly, I wish to thank the Royal Thai Govern-
ment for offering me the chance to contribute to the symposium. 
References 
Anonymous, 1980. UNDP/FAO Mae Sa integrated watershed and forest land-use project. 
Agricultural Information Development Bulletin 2(2): 25-28. 
Barnard et al., G., 1980. The potential for wood energy in Thailand. TISTR Publication. 
FAO, 1980. Report on the 5th session of Committee of Forestry (COFO), Rome 26-30 May 1980. 
Rome. 
FAO, 1981. The peasants' charter: the declaration of principles and programme of action of the 
world conference on agrarian reform and rural development. Rome, 35 pp. 
191 
Jackson, J.K., 1979. Introduction to the activities of the Mae Sa integrated watershed and land 
use project. Chiang Mai, 13 pp. 
Royal Thai Government/UNDP, 1979. Project document for Phase I of Development of diver-
sified forest rehabilitation project, north-east Thailand. 
Royal Thai government/UNDP, 1981. Project document for Phase II of Development of diver-
sified forest rehabilitation project, north-east Thailand. 64 pp. 
Samapuddhi, K., 1957. The forests of Thailand and forestry programmes. Thai Government 
publication, Bangkok. 
United Nations, 1970. United Nations demographic yearbook. Department of International 
Economic and Social Affairs, Statistical Office, United Nations, New York, p. 130-131. 
United Nations, 1980. United Nations demographic yearbook. Department of International 
Economic and Social Affairs, Statistical Office, United Nations, New York, p. 155. 
Wacharakitti et al., S., 1980. Report on forest inventory of the pilot project area. Project work-
ing paper Development of diversified forest rehabilitation project, Nakhon Ratchasima, 
Thailand. 
World Bank, 1980. Final report on forestry in Thailand. World Bank Cooperative programme, 
Investment Centre. 
192 
Community forestry and the local community 
N.G. Basu 
Ranchi Consortium for Community Forestry, Ranchi, India 
Summary 
Community Forestry is a concept for joint activities of the Government and the local people 
to develop activities relating to forests and forest products. Its purpose is to generate additional 
flows of income for both local community and national needs by utilizing forest and wasteland 
through forest farming in its different facets. To get local involvement in these programmes, even 
of marginal farmers of landless rural households, activities like agroforestry, horticulture, pro-
cessing of forest products and training are to be integrated in a package programme suited to 
different agro-climatic and socio-economic conditions, above all to the needs and aspirations 
of the local community. Voluntary organizations are well set to assist in such programmes and 
can motivate the people and bridge the often persisting gap between local communities and 
forest services. Non-governmental organizations can act as an important channel of com-
munication both upwards and downwards and may help in institutionalizing community 
forestry. A case-study from India is presented to illustrate the important role NGOs can play 
in developing community forestry. 
Keywords: Communal forestry, cooperative forest management, social forestry, forest policy, 
afforestation waste lands, India 
Résumé 
La foresterie communautaire et la communauté locale 
La notion de foresterie communautaire couvre une action jointe par le gouvernement et la 
population locale visant la forêt et les produits forestiers. Il s'agit d'engendrer des revenus sup-
plémentaires aussi bien pour la communauté locale que pour la nation en utilisant des forêts 
et des terres dégradées, selon des systèmes de 'fermes forestières', sous tous leurs aspects. Si l'on 
veut obtenir la participation locale dans ces programmes, 'y compris celle des fermiers 
marginaux et des paysans sans terre, il faut prévoir un 'paquet' intégré d'activités. Celles-ci doi-
vent inclure par exemple l'agroforesterie, l'horticulture, la transformation des produits 
forestiers, la formation professionelle et encore d'autres et être adaptées tant aux conditions 
agroclimatiques et socio-économiques que, surtout, aux besoins et aspirations de la com-
munauté locale. Les organisations de volontaires non-gouvernementales sont bien placées pour 
appuyer de tels programmes et pour motiver les gens, afin de jeter des ponts sur le fossé séparant 
trop souvent les populations locales des services forestiers. Ces organisations peuvent constituer 
des voies de communication importantes vers le haut comme vers le bas et peuvent contribuer 
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à l'institutionalisation de la foresterie communautaire. Un cas spécifique aux Indes sert d'il-
lustration du rôle important potentiel des organisations non-gouvernementales dans le 
développement de cette forme de foresterie. 
Land use and forestry in India 
Increasing denudation of forests has become a matter of serious concern to 
everybody. The scramble for land due to the population explosion, the ever-increasing 
commercial demand for wood after industrialization, leading to wanton exploitation 
of forests without corresponding reforestation, and the extreme poverty of forest 
dwellers, without any idea of maintenance of forests, all have cumulative adverse ef-
fects on our rich forest resources. 
The regular cyclic occurrence of flash floods and drought, coupled with soil erosion 
and air pollution, have brought the problem of forest denudation to the fore. Realiza-
tion of the seriousness of the problem finds expression in the recommendations of the 
National Agricultural Commission of India (1976). 
The total geographical area of India is 328 million hectares. Land utilization 
statistics are available for 305.6 million hectares, constituting about 93.2% of the total 
area (Table 1). These figures hardly reveal reality. A large area of land classed as forest 
is in reality devoid of trees. Of the 22% of forest land, not more than 12% are ade-
quately covered with trees, and the rest is degraded forest, if forest at all. In addition 
to this, about 10% of the total area now classified as cultivable land is in reality not 
cultivable, and hence this additional 10% might also be used for forest plantations. 
So while the rural poor are felled by the axe of poverty, and lack of firewood looms 
large over the nation, half our land remains unutilized as waste. 
Although the State Forest Department is engaged in a massive plantation pro-
gramme, with the aim of covering 33% of the land area with trees, it must be feared 
that unless the local communities are considered as partners in this endeavour, such 
a programme will prove Utopian. It is doubtful whether current understandings of 
social forestry will provide the conditions for such partnership. 
Table 1. Land use in India (1971-1972) 
Arable land (net area sown plus fallow) 
Forests 
Land put to non-agricultural use 
Uncultivable and barren land 
Permanent pastures and other grazing land 
Miscellaneous tree crops and groves 
Cultivable wastelands 
Land accounted by utilization statistics 
Area 
(million ha) 
160.6 
65.8 
16.4 
29.3 
13.1 
4.4 
15.9 
Relative 
area (%) 
52.6 
21.5 
5.4 
9.6 
4.3 
1.4 
5.2 
305.6 100 
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Social forestry 
What is new in social forestry? Various interpretations of social forestry are ven-
tilated in different corners and a unique interpretation is yet to evolve (e.g. Pant, 1979 
and 1980; Romm, 1980; Pandey, 1982; Tiwari, 1982). Roadside plantations, canal and 
riverbank plantations, plantations in civil and military campuses, and parks in cities 
and towns are described as social forestry by one school of thought. In these cases, 
it would however be more appropriate to speak of urban forestry, in which care is taken 
of ecological balances, air pollution and amenity. The schemes of such forestation are 
implemented departmentally and the participation of people is not much warranted. 
There is nothing new in such an approach, except the name 'social forestry'. 
In a second interpretation, those who do not like to neglect the rural sector, intend 
to create forests outside the forest lands. With the consent of the landowner, the Forest 
Department is establishing forests on the doorsteps of villagers at government ex-
pense. Implicit in this concept is a 'paternalistic' attitude on the one hand and a 'col-
onial' outlook on the other. Instead of taking people to the forest, the forest is taken 
to people. In any case, they would not like people's participation in the management 
and maintenance of the existing forests, which is considered the exclusive domain of 
departmental experts. In this idea too, there is nothing new, except that the Forest 
Department tries to be extra benevolent in developing forests in private lands under 
a social forestry scheme. 
A third interpretation of social forestry is that a forest, being a family of trees and 
shrubs, can grow and develop with all its flora and fauna if left to nature without any 
human intervention whatsoever. 'Social forestry' should leave forests to the people 
without any government control or intervention nor commercial exploitation. Forests 
left to nature would provide food, fuel, drinking water and oxygen to the people and 
the society at large would benefit. Implicit in this concept is rejection of development. 
Such practices were prevalent centuries ago, but are not compatible with the growing 
needs of modern 'civilization'. 
Community forestry 
Social forestry schemes can assume a new dimension if considered as people's 
forestry, i.e. as one of the means of rural uplift. Experience shows that forestry can 
neither develop nor survive without the active involvement of the local community. 
Viewed from this angle, the Ranchi Consortium for Community Forestry calls its pro-
gramme 'Community Forestry' (RCCF, 1980; Tewari and Mascarenhas, 1980). Com-
munity participation is emphasized as one of the important ingredients of forest 
development. If we want to make substantial headway in social forestry, emphasis 
should be on rural forestry, i.e. the forestry activities need to be integrated with wider 
rural development, paying special attention to forest dwellers. 
This type of social forestry can be developed as an occupation, just like any other 
occupation. We can develop forestry as a profitable economic activity, like any other 
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agricultural activity, with the difference that it requires cooperative participation of 
the local community and that the gestation period is a little longer. 
Community forestry is not just a special technology, but rather a process of socio-
economic change that requires continuous participation of the community in plann-
ing, implementing and problem-solving. It requires a shift from individualistic 
endeavour to joint endeavour. Such a behavioural change is not easy, especially in a 
situation of grossly unequal land tenure and where the market system helps a powerful 
minority to obtain most of the benefits of any economic development. 
Initiating any community forestry scheme with community participation requires 
grappling with all the interlocking social, economic and political problems, associated 
in rural society. The process of creative community action to create a better life for 
their members is the crux of community forestry. Utilization of wasteland through 
community forestry is an entry point; it is a means, not an end in itself. Through com-
munity forestry, we may activate resources (wasteland) so far unutilized, to generate 
additional income and employment. Community forestry would turn the potential in-
come from wasteland into actual income for the community. 
Community forestry is not the scheme of planting trees only - it is a bundle of ac-
tivities, which generate a supplementary flow of income to the community by utilizing 
either unutilized or ill utilized land. Processing and proper marketing of forest pro-
ducts through community effort can easily generate considerable additional income. 
Seasonal migration of the local community can also be effectively dealt with through 
proper timing of the forestry activities. 
The problems of forests and the problems of tribal people, who are by and large 
forest dwellers, are inseparable (cf. Murdia, 1982). With the increasing denudation of 
the forests, businessmen and traders, who are generally from outside the tribes, are 
intruding into the tribal land and employing tribal people as wage labourers. As a 
result, the tribes are facing a crisis of identity. Community forestry, by stimulating 
people's involvement in regenerating forests, should be able to tackle this crisis of 
identity. 
People's participation in community forestry 
People's participatory involvement in community forestry, even if accepted in prin-
ciple, is not easy to implement (RCCF, 1980). Land being the basic input in any 
forestry scheme, the skewed distribution of land stands in the way of joint endeavour 
by the rural community. Local community needs are so extensive and pressing. The 
conflict between the wider national interest and the local community interest, creates 
another constraint. In any community forestry scheme, we are to create inbuilt flex-
ibility in resolving the conflicts by showing the natural dependence of one on the other. 
Through community forestry, we would like to activate unutilized wastelands where 
no viable agricultural activities other than forestry are possible. Such unutilized 
wasteland can broadly be divided into two categories, government and non-
government. On the government side, there are wastelands belonging to revenue 
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departments and vast areas of denuded forest lands belonging to the forest depart-
ment. On the non-government side, there are wastelands under individual ownership 
and wastelands under community ownership. 
Unless community forestry is initiated both in revenue (government-owned) 
wastelands and protected denuded forest lands, involving the local community at each 
stage from decision making to harvesting, the programme can hardly leave the ground. 
The demonstration effect of a community forestry programme on denuded forest land 
would motivate the wider local community to initiate such a programme on private 
wasteland. 
To engage the initiative of local community and get them actively involved, ade-
quate care should be taken to meet the local needs. While the land would belong to 
the government, a certain agreed proportion of the returns would go to larger national 
needs and the rest would go to local needs. The local community feel that they are not 
just receivers from forests, but that they have earned the benefits by developing forests 
through community endeavour. It is some sort of social contract. The present pater-
nalistic attitude should be abandoned and instead true partnership with the local com-
munity organization established to develop community forestry. 
No doubt mistakes will be made but then who does not make mistakes? As mistakes 
and errors of judgment by experts are often forgiven, why not let forest dwellers learn 
by mistakes? Even if they make mistakes once or twice, whatever forest they grow, 
would be saved. Without the active involvement of the local community, no level of 
expertise can save the forest. Planting trees is not difficult, but what about its protec-
tion? The participation of the local community will never materialize unless a sense 
of belonging is created among them through the practices of joint management, in 
which the forest service acts as a copartner with the local community organization to 
serve the larger national needs for forests and forest products. 
Special attention should be paid to the involvement of women (Hoskins, 1979). 
Among the forest dwellers, women are the major collectors of minor forest products, 
such as food, fuel, fodder and medicines. With the increasing denudation of forest, 
they are suffering most, as they have to manage both ends in the family. Involvement 
of women in community forestry is a necessary condition for its success. A number 
of processing activities of minor forest products can be started at the local level, where 
women can render better services. Women constitute also an influential group 
amongst the forest dwellers, who are largely tribals, because they combine physical 
hard labour with housekeeping. Our endeavour is to turn these working women into 
growers of minor forest products, instead of mere collectors. 
Once the local community is accepted as a partner in community forestry, the ex-
isting apprehension or misapprehension about forest farming on private wastelands 
would be removed and private wastelands would gradually come under community 
forestry and larger outputs from the forests would be released to serve the needs of 
the nation. 
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Role of non-governmental organizations in community forestry 
Many non-governmental organizations (NGOs) in Indian have been working for the 
rural poor. Ninety-three of such organizations are listed in the Directory of Voluntary 
and Other Organizations in Rural Development. Some of them are patronized by the 
government of India for its rural development schemes, through the Indian Council for 
Agricultural Research. Others mobilize resources through donations and aids, from 
the public, from international funding agencies or both. Only few of these organiza-
tions have a special programme on forest development and related problems. 
The Ranchi Consortium for Community Forestry (RCCF) and organizations such 
as Cipko (Tree Embrace), Silent Valley Movement, Friends of Tree Club, Himalayan 
Seva Sangh, to name a few, are popularizing the need to preserve trees and forests. A 
few organizations are engaged in disseminating information about the problems of 
forests and forest dwellers in India and the endeavours of different organizations in 
this regard through periodicals. Some are also engaged in academic research on social 
forestry with the objective of building suitable models of it. 
Among those working at the grass roots to preserve the existing forests and develop 
new forests, two distinct trends are discernable. One is the agitational approach to stop 
forest harvesting altogether and leave the forest entirely to the local forest dwellers for 
management and preservation, who would also reap the benefits. This agitational ap-
proach is spearheaded by the Cipko movement (Mishra & Tripathi, 1978). This move-
ment may be commended for bringing the adverse effects of increasing denudation 
of forests through wanton destruction by contractors, to the fore. 
The other approach is constructive criticism of existing forest management coupled 
with positive endeavours to grow new forests on the denuded forest land and on 
wastelands belonging to private individuals and revenue departments of the govern-
ment, through the joint management of the local community and the forest depart-
ment, advocating priority to the needs of the local community in the planning of new 
plantations. 
Non-governmental organizations are to motivate the people in this joint endeavour, 
to initiate a few replicable demonstrative models, and to act as a bridge between the 
local community and the forest department. As a legacy of the past, the orthodox 
system of functioning is still prevailing in the forest department and NGOs can 
hopefully simplify communications, hindered by this orthodox way of functioning in 
which people's participation is not taken into account. The experience of the RCCF 
in this regard is encouraging, though not to the extent desired (RCCF, 1980). 
All member organizations of the RCCF have incorporated community forestry pro-
grammes in this line, in their general programme of integrated rural development. In 
its area of operations, each member organization started demonstrative community 
forestry programmes in all its facets, involving the local community with close 
cooperation from the forest department. The case presented below is an example of 
the approach taken in these endeavours, see also Roy (1980). 
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Bero: Case study of community forestry in a tribal context 
The area and the people 
Bero is a village 35 km south-west of Ranchi in the Indian state of Bihar. It is 
situated on the Chotanagpur Plateau, at an altitude of 500 m and more. The soils on 
the plateau consist of rather infertile red laterites. On the other hand, the area is rich 
in coal and minerals, and yields about 45% of all minerals extracted in the whole 
country. 
Of the population in the area, about 58% (1971) belong to tribal groups, which are 
racially and culturally distinct from the Aryan population of the low-lying and fertile 
Ganges Valley to the north. The tribes practise subsistence agriculture in small fields, 
which have been carved out from the hill forests. They are rice-growers, depending on 
monsoon rains for the success of their crops. 
Formerly the plateau was rather heavily forested. But since Independence in 1947, 
the area has changed considerably by the opening-up of the region with roads and 
railways, the building of mines and factories, and the establishment of Community 
Development Blocks. A great many immigrants have come from the overcrowded 
cities. The local population has become aware of its identity and interests and a desire 
for a separate state of their own continues to simmer below the surface in spite of ef-
forts by the government of Bihar to win the allegiance of the people. 
Bero village lies along the main road from Bombay to Calcutta. It is a centre in an 
area growing potatoes and vegetables, exporting products all the way to Calcutta 400 
km away. Since the 1950s, the village has been the headquarters of a government-
established Community Development Block. 
The 120-odd villages and hamlets contained by the Bero Block are inhabited mostly 
by tribal people, the majority of whom are Oraons, who still speak their original 
tongue, Kurukh. The remainder of the population consists of backward Hindu com-
munities, some scheduled tribes, families of traders (Sahus) and also a substantial pro-
portion of Muslims, originally weavers, who have switched over to cashcrop farming. 
Most of the tribal people hold to the original religion, Sarna dharm, a kind of anim-
ism. 
Thirty years ago, the area was still heavily forested, but the hunger for land and the 
demand for wood has caused serious deforestation in the Bero Block. Not more than 
12 to 15 % of the land is still under forest, while in a plateau terrain such as the Ranchi 
Department, the desirable forest cover would be 33 %, according to FAO recommenda-
tions. Some hill tops are still covered with forest, but are becoming denuded because 
the Forest Department cannot prevent villagers from cutting wood for domestic use, 
nor stop the cattle from grazing in the forest. There is a Forest Ranger at Bero with 
some forest wardens under him. Vigorous efforts are going on to maintain the forests 
and to engage in reforestation. But as long as the local population is not won over to 
the idea of community forestry, the Forest Department is helpless in stemming the cur-
rent depravation by cattle and people alike. 
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Bero Community Forestry Project 
The first NGO to start work in the Bero area was Vikas Maitri, an ecumenical 
organization manned by tribal and local officers. It intended to assist a group of 
villagers at Kaksitoli village, 10 km south from Bero under the leadership of Simon 
Minz, a tribal farmer, who wanted to start a development project under tribal control. 
Vikas Maitri found that under the Minz's inspiration and through decision-making 
in their traditionalpanchayat (village council), they had for the last 30 years or so, pro-
tected a tract of forest. As a result, this Sal forest was more beautiful and dense than 
any other of the Government's reserved forests in the neighbourhood. 
To guard the forest, the panchayat had appointed two forest wardens from amongst 
the villagers, working on full-time basis. Each family in the village gave them a basket 
of unhusked rice (40 kg) per year, at the time of the crops, by way of payment. The 
panchayat decided also who could take out wood, from the forest every year, and how 
much. The decisions were executed and supervised by a forest manager also appointed 
by the people. The system seemed to work fairly smoothly and to assure an even 
distribution of forest resources, as well as the replenishment of stock. It was subse-
quently discovered that similar community forestry schemes existed in other parts of 
the District, unknown to the Government, or the NGOs. In them, people had become 
aware that their forests needed protection and had developed their own arrangements 
to protect the forest, so that it could continue to meet needs on a long-term basis. 
The relations of the people of Kaksitole with the Forest Department, on the other 
hand, were very strained, because many legal procedures had been started against the 
villagers for encroaching or destroying reserved forests. The people also feared that 
the Forest Department would claim authority over the trees they had been protecting, 
and not without reason, for the forest they claimed as their own, might very well have 
been situated on land indicated on forest maps as being reserved forest. The tension 
between the people and the forest department came to a boiling point, when the village 
worker of Vikas Maitri was manacled in front of the people by forest guards, because 
he was supervising the removal of stones from the forest for construction of a com-
munity building, and Vikas Maitri had forgotten to apply to the Forest Department 
for the necessary permission. 
The matter was amicably settled through the mediation of N.G. Basu, a faculty 
member of Xavier Institute of Social Service, Ranchi, who was on friendly terms with 
the Chief Conservator of Forests, Bihar, whose office happens to be situated at Ran-
chi. The village worker was released immediately and not further harassed. 
Emboldened by this 'victory', the people of Kaksitoli chased off a forest contractor 
to whom the Forest Department had given a contract to remove trees and stones, from 
the village forest, which the Forest Department claimed as Reserved Forest but the 
people claimed as their own. The Chief Conservator of Forests and senior forest of-
ficials were once again requested not to press their claims, though they may have been 
legally in the right. 
In 1977-1978, the Xavier Institute of Social Service took up an adult education pro-
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gramme in the Bero Block. The Ramakrishna Mission was also active in the area, and 
the Krishi Gram Vikas Kendra, a rural development organization, promoted by a local 
factory, was setting up an artificial insemination centre for cattle at Bero. Cooperation 
was obviously desirable in such a situation, so the four organizations decided to for-
mally constitute a consortium, called the Ranchi Consortium for Community Forestry 
(RCCF). Meetings were held with the people to promote the idea of community 
forestry, under which individuals or village communities would bring land under 
forest with the technical and financial assistance of the Government. The level of 
awareness was quite considerable, and people were keen to imitate the example of 
Kaksitoli and have a forest of their own. 
The people, however, believed that unless the Forest Department's staff, especially 
at village level, considerable changed their outlook and that unless the NGOs gathered 
in the RCCF, assured their continued presence in order to facilitate relations between 
the people and the Forest Department, community forestry, how ever appealing it 
might be, had little chance of success. 
The secretary of the RCCF reported these views to the Chief Conservator of Forests 
(CCF), who was requested to clear the field for a new beginning by squashing all the 
legal cases pending against people in the Bero area. The CCF, realizing that he could 
lose very little and gain much by such a step, took the risk of taking such a symbolic 
action. When the people learned that the Chief Executive of the Forest Department 
was ready to make a new beginning, and to forget the past, they also reacted favourably 
and expressed their keenness to begin with community forestry. 
In order to help the people, the Xavier Institute of Social Service posted two full-
time field officers in the Block. They are being assisted by several young men and 
women workers from the villages. One field officer looks after the adult education 
programme. The other looks after forestry, touring the villages, contacting farmers 
and finding out how much land they want to bring under forest. He then assists them 
in obtaining the benefits of the Social Forestry programme from the Forest Depart-
ment. He also keeps in close contact with the local Ranger and irons out any problems 
or misunderstandings that may crop up. 
Under the Social Forestry Programme of the Government, a farmer who wants to 
plant trees on at least a hectare of land, can obtain free of charge the following 
facilities from the Department: an allowance for digging pits and also a trench around 
the piece of land 1 metre in depth and 50 centimetres wide, in order to keep out the 
cattle. It also provides manure and seedlings free of charge, and other assistance in 
protecting and looking after the plantation for a period of three years. The choice of 
trees is left to the farmers. The species planted are usually of fast growing varieties such 
as Assan (Terminalia tomentosa), on which tassar (Antheraea mylitta) cocoons can be 
cultivated, acacia (Acacia spp.), gamhar (Gmelina arborea), sisam (Dalbergia 
latifolia), fruit trees like papaya (Carica papaya), mango (Mangifera indica), jackfruit 
(Artocarpus intégra) and bamboo. If a community has village land and wants to plant 
it with trees, the same facilities are available. The Forest Department makes it quite 
clear that it will not claim the trees, or other products, but that they will be of the 
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owners of the land. The latter are expected to protect the plantation against other peo-
ple and roaming cattle. Written assurances or contract with villages have, however, not 
yet been made by the Forest Department. 
Survival is satisfactory, approaching 75 to 80% of seedlings planted. Planting takes 
place at the beginning of the monsoon season. Because of the poor conditions of the 
soil, seedlings in many areas remain rather stunted. The idea is catching on fast, and 
every year more numbers of farmers want to join the programme. Currently more than 
100 000 seedlings are distributed in the Bero Block alone, let alone other areas where 
community forestry is being fostered. At times, the Forest Department has hardly 
enough seedlings to meet demand. Since 1981, the RCCF has started a small tree 
nursery at Bero on a piece of land provided by the Block Development Officer. It 
serves as a demonstration plot for farmers. Some 50 000 seedlings were grown and 
distributed to farmers from this plot. The nursery is now being looked after by the field 
officer of XISS and efforts are being made to encourage villagers to have their own 
nurseries and to charge something for seedlings, so that forest nurseries can eventually 
become a commercial proposition. 
It is too early to say how this project will turn out, and for the people to find out 
whether the benefits are just reward for the efforts. The satisfactory rate of survival 
suggests that villagers 'believe' in the scheme and are looking after their plantations. 
In the meantime, however, these same villagers continue their depradation on reserved 
forests! This is understandable, because they have to obtain their firewood from 
somewhere. The Forest Department cannot prevent these encroachments, especially if 
they are committed by women. If a forest warden would dare to arrest or even touch 
a village woman - and there are always witnesses around, for the women do this in 
groups - he would be immediately accused of assaulting her honour and he would 
risk his life. 
Lessons emerging from the case 
In the present case, the factors responsible for the positive results attained are the 
following (Roy, 1980): 
1. Amongst the people: 
- In the past, forests have played an important role in the culture and economic 
system of the people. Tribal people are proud of being 'kings of the forest'. They realize 
the vital role forests play in their life. 
- The awareness that forests are fast disappearing and that something must and can 
be done about it, was present amongst the people. 
- There is scope for reforestation on land, which was once forest and which is hardly 
profitable for agriculture. 
- The people perceive that there is economic benefit in planting trees, and that these 
benefits exceed the effort involved. 
- There are alternative forest resources from which people can draw their firewood 
and timber, and where cattle can graze during the time their own forest grows up. 
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- A social system still exists, or is remembered, in which the community through a 
panchayat or village council discusses problems, shapes public opinion, takes deci-
sions which can be implemented and are accepted by all. If such a basic political 
system no longer exists, the people must at least remember it and be able to set up such 
a system. 
- There is basically equality amongst the people and commonness of interests in the 
survival of forests. In a society where interests in forestry are diametrically opposed 
amongst groups or where ownership of land is very unevenly distributed, the people 
may not be able to reach a consensus about a project. 
- At the early stages of the project, the people did experience that they have power 
within the community as well as towards the Forest Department. This helped them to 
realize that they could do something effective about the problem. 
2. In the Forest Department: 
- The Forest Department is aware that time is running out and that urgent solutions 
must be found to the problem of enlisting the wholehearted cooperation of people in 
social forestry projects. 
- The Forest Department has developed a programme in which the people, once they 
are convinced about the importance of community forestry can be actually helped to 
implement it. The programme is not limited to pious ideas or velleities. 
- The Forest Department has become acutely aware of the criticisms levelled against 
the way it is managing the forest resources. It is keen to change this negative image, 
as soon as possible. Opportunities for engaging in community forestry are therefore 
welcomed by the Department. 
- The Forest Department has become aware that without the cooperation of the peo-
ple, it cannot single-handedly implement a social forestry programme. 
- Among senior executives of the Forest Department, there were persons who can 
take risks and innovate in their relations with forest dwellers. These executives had 
enough prestige and authority to overcome bureaucratic traditions and rigidity. 
- The Forest Department could count on the assistance of some local NGOs and did 
not hesitate to take them into confidence. 
- In its efforts to innovate, the Forest Department could count on the approval of 
higher officers in the Central Government and the good will and encouragements of 
international agencies engaged in forestry (aid). 
3. Non-governmental organizations (NGOs): 
- Local NGOs were available, who could play a vital role in reestablishing com-
munications between people and forest department. The present case does not provide 
evidence whether a community forestry programme can succeed without the interven-
tion of NGOs. 
- The NGOs had the ability, resources, staff, credibility amongst the people and with 
the Government to play their role of go-between effectively. They were also able to 
place in the field the necessary staff to ensure an ongoing presence, which inspires con-
fidence amongst the people. 
- The NGOs did not hesitate to cooperate with the Forest Department and other 
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Government Departments. 
- The NGOs worked together under the forum of the RCCF and could thus comple-
ment each other's competence and promote an integral approach to rural develop-
ment, rather then run only a forestry programme. 
- The NGOs enjoyed a good name with international donor and promotional agencies. 
This inclined the Forest Department to take account of them, rather then ignore them. 
- Though this was never done formally, the NGOs were informally 'recognized' and 
approved by the Forest Department and by the State as well as Central Government, 
for the task they were playing in community forestry. 
- The NGOs could foster liaison not only with the Forest Department, but also with other 
Government Departments, which have a role to play in promoting community forestry. 
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Traditional forestation strategies of local farmers in the tropics 
R.B. Peck 
Silviculturist, Cali, Colombia 
Summary 
Both smallholders practising shifting cultivation and farmers practising monocultural 
market-oriented systems in the tropics have frequently incorporated trees into their traditional 
farming systems as a strategy to satisfy their needs for emergency food or for cash products, 
and as a substitute for purchased goods. Tree gardening and productive fallows are agroforestry 
alternatives for rural smallholders practising shifting cultivation. Living fences, commercial 
shade-trees, and forage trees are examples of agroforestry practices for commercial market-
oriented farmers interested in reintroducing trees into their land-use strategy. These traditional 
forestation strategies need to be considered by visiting researchers and project designers for 
forestation projects in the tropics. Design of forestation projects based on these traditional 
strategies would contribute to regional development by incorporating smallholders into the pro-
jects designed to solve their needs. 
Keywords: Smallholders, shifting cultivation, sedentary agriculture, agroforestry, farm wood-
lands 
Résumé 
Stratégies traditionnelles paysannes de boisement sous les tropiques 
Les petits agriculteurs itinérants, aussi bien que les fermiers cultivant des monocultures 
tropicales de marché, ont très souvent inclus des arbres dans leurs systèmes de cultivation. Cette 
stratégie visait la production de stocks de nourriture en cas de besoin, de produits pour vendre 
ou encore de produits de substitution pour ne pas en acheter d'autres. Le jardin forestier et la 
jachère de production sont deux alternatives agroforestières pour le petit paysan itinérant. Les 
haies vives, les arbres d'ombrage à valeur commerciale et les arbres fourragers sont des exemples 
agroforestiers dans le cas de fermiers commerciaux s'orientant sur le marché mais souhaitant 
réintroduire des arbres dans leur stratégie d'utilisation de la terre. De telles stratégies tradition-
nelles de boisement devront être prises en considération par les chercheurs et les élaboreurs s'oc-
cupant de projets de boisement sous les tropiques. Des projets conçus sur la base de ces 
stratégies traditionnelles contribueraient au développement régional en incluant les petits 
paysans dans des projets conçus pour couvrir leurs besoins. 
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Introduction 
Forestation (including afforestation, reforestation and tree planting) may not mean 
the same thing to rural farmers in the tropics as it does to the professional agricultural 
resource manager (e.g. forester, agronomist) trained in universities of the temperate 
region. However, forestation techniques are not new to many local farmers, for in-
stance in Java (Wiersum, 1982a), the Philippine highlands (Conklin, 1959; Eder, 
1979), the Pacific Coast of Colombia (West, 1957), the Amazon Basin (Denevan et al., 
1983), or the arid coast of Peru (Valdivia & Cueto, 1979). 
Language and cultural differences provide distinctive names for the same com-
ponents of traditional forestation strategies implemented under a range of land-use 
systems and environmental conditions that have been developed for satisfying small-
holders' requirements for trees or tree products. 
In this paper, two traditional systems of land-use in the tropics are reviewed: 
- subsistence-based rural populations practising shifting cultivation, in which trees 
are a major component; 
- commercial farming systems of market-oriented farmers, who are reintroducing 
trees into their land-use operation. 
These traditional forestation practices have increasingly been identified as sub-
systems of integrated farming systems, under the name of agroforestry as a land-use 
system in the context of ICRAF (1979). 
Agroforestry is practised under a variety of circumstances varying in importance 
and extent within the framework of existing farming systems that have developed over 
time for each ecological region and socio-economic circumstance. Recognition of 
these traditional strategies by national and international staff responsible for project 
design and execution could contribute to realistic research-forestation projects in 
response to regional requirements for trees and tree products. 
Subsistence forest-based systems 
The rural small farmer living in the tropics generally practises shifting cultivation 
(swidden farming system) for complete dietary subsistence or, in addition, some cash 
cropping to satisfy his family's needs for fuel, shelter, and so on. Forestation 
(agroforestry) is often this farmer's first step toward personal and economic stability 
as he changes toward a sedentary farming system. These swidden-fallow farmers, in-
creasingly faced with scarcity of land, have sought alternative land-uses ranging within 
varying degrees of sedentary agriculture from the permanent cropping of perennials 
in tree gardens to systems developed through the intensified management of fallows. 
Tree gardens 
Planting fruit-trees around permanent housing is a frequent aspect of tropical land-
use (Ruthenberg, 1980), in which trees benefit from soil additives in household gar-
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bage, ash and manure. These home gardens were initially established to satisfy basic 
needs for food, fuel and shelter, but they frequently form the basis for larger-scale, 
commercial tree gardens in areas, such as the Palawan communities in the Philippines 
(Eder, 1979). The population density is high there, labour is abundant, and profitable 
markets are nearby. 
In south-east Asia, tree gardens play a considerable economic role. In western Java 
alone, there are 240 thousand hectares of tree gardens, representing as much as 20% 
of current land-use (Wiersum, 1982a). In the whole of Java, over one million hectares 
are dedicated to tree gardening. 
Tree gardens are characterized by a large variety of multipurpose plants, growing 
in a stratified arrangement. Food-bearing trees dominate, but other species are planted 
for their use as medicines, spices, fuelwood, forage and construction material. 
In the Philippines, Conklin (Olofson, 1980) would also add that swidden fields in 
upland watersheds are being converted to permanent woodlots as a conscious measure 
to protect the water supply, alongside the development of wet rice by the Ifugao. 
In the American tropics, although the specific terminology of tree gardens is lack-
ing, food-bearing trees are basic to most indigenous farming systems. Dubois (1979b) 
referred to such trees as a subsistance form of agroforestry. On the Pacific Coast of 
Colombia, more than 18 tree species (Table 1) are planted in extensive tree gardens that 
blend into the fallow forest (West, 1957). These tree gardens represent a sedentary sub-
system of the shifting cultivation system. 
Some trees, moreover, provide major staples. In the lower Amazon, Brazil nuts (Ber-
tholetia excelsa) are a major source of food for Kayapo Indians for 4 months of the 
year (Meggers, 1973). The Pejivalle (or peach) palm (Guilielma gasipaes), which has 
been planted in tropical America since ancient times in backyard gardens is of major 
economic importance throughout the region. The fruit has twice the (dry weight) pro-
tein content of banana and can yield more carbohydrate and protein than maize (NAS, 
1975). 
Productive fallows 
Managed fallows 
In the Peruvian Amazon for the Bora Indians (Denevan et al., 1983), there has been 
no clear transition between swidden and fallow periods of cultivation but rather a pro-
cess that evolved over time, implying a conscious swidden-fallow management techni-
que, also reported in Africa (Dubois, 1979a) and the Philippines (Olofson, 1980). Tree 
species planted within the Bora fields are well adapted to growing in the dense secon-
dary forest. Such fruit-trees as Umari (Poraqueiba sp.), white cacao (Theobroma 
bicolor) and Pejivalle palm (Guilielma gasipaes) are frequent survivors of swidden tree 
gardens in the subsequent secondary forest. In these 'enriched' secondary forests, sur-
viving fruit-trees continue to play an important function after they have stopped being 
harvested as the fallen fruit attracts wild game animals and free-ranging pigs. When 
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Table 1. Useful tree-garden species of the Colombian 
Pacific coast (from West, 1957). 
Scientific name Common Name 
Food-bearing trees 
Guilielma gasipaes 
Artocarpus utilis 
Carica papaya 
Inga spp. 
Persea americana 
Theobroma bicolor 
Matisia cordata 
Chrysophyllum caimito 
Mammea americana 
Theobroma cacao 
Pourouma cecropiaefolia 
Other useful cultivated trees 
Crescentia cujete 
Castilla elastica 
Guadua angustifolia 
Genipa americana 
Bixa orellana 
Cedrela odorata 
Palandra aequatorialis 
Poulsenia armata 
Understory food crops 
Musa paradisiaca 
Xanthosoma sagittifolium 
Colocasia esculenta 
Manihot utilissima 
Cephaelis spp. 
Pejivalle palm; peach palm 
Breadfruit 
Papaya 
Guamo 
Avocado 
Cacao (white) 
Zapote 
Star apple 
Mamey (apple) 
Cacao 
Uvilla; tropical grape 
Gourd tree 
Black rubber 
Native bamboo 
Jagua 
Achiote 
Tropical cedar 
Tagua palm 
Majagua cloth tree 
Plantain 
Aroid 
Papa china; taro 
Sweet manioc; yucca 
Ipecac 
these fallow secondary forest are re-worked, valued fruit trees and commercial timber 
species are spared during selective cutting, in what constitutes a basic management 
technique extensively implemented in the American tropics (Denevan et al., 1983). 
Presence of useful coppice species appears to be a further consideration in clearing 
fallow forest (Denevan et al., 1983). Some fruit trees and commercial timber species 
re-establish themselves from coppiced stumps or roots of trees planted or established 
naturally when the field was last planted. A useful multipurpose fruit-tree frequently 
encountered in these fallows is Inga spp., used both for shading the cacao trees and 
for firewood. Widely recognized for their restorative characteristics as nitrogen fixers, 
which contribute to organic-matter build-up in soil, Inga spp. are persistent coppice 
trees favoured by the smallholder. 
Other commercial species frequently found in secondary forests are also persistant 
coppice trees. Along with the selective cutting practice employed by small farmers, 
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they account for extensive areas of commercial species found today in the American 
tropics. 
Cedrela odorata, one of the most intensively logged species in the American tropics, 
in great part owes its continued importance along the alluvial flood plains to its ability 
to coppice. Grown along with riverbank wet rice or in plantations, Cedrela constitutes 
a real investment for future generations when small farmers protect it. 
Another species widely favoured by small farmers is Cordia alliodora with similar 
coppicing characteristics and known for its fast growth (Johnson & Morales, 1972). 
Found in secondary forests with well drained soils, Cordia has been extensively incor-
porated into stratified production systems in an area estimated to be one million hec-
tares in the lowland American tropics (Peck, 1982). Cordia is found primarily 
associated with coffee, cacao, plantains and some pasture. It provides a substantial 
source of income to farmers, particularly in Costa Rica, Colombia and Ecuador, 
where unprocessed logs can provide roadside cash values ranging from US $ 10-20 per 
cubic metre. Preliminary studies in Costa Rica and Colombia indicate that Cordia 
alliodora grown in association with coffee and cacao reaches commercial volumes of 
200 m3/ha in 20 to 25 years (Rosero & Gewald, 1979). 
Enriched fallows 
In the areas where growing population pressures limited land resources, farmers 
practising cultivation alternated with natural tree fallows are increasingly faced with 
shorter fallow periods and subsequently lower crop yields. However exceptions have 
developed in south-eastern Nigeria (Nye & Hutton, 1957; Vine, 1954), where short-
term woody fallows are successfully managed to maintain the traditional shifting 
cultivation system in spite of high population pressures, even though returns are low 
for effort expended. 
Local farmers found that by planting Acioa burteri, a common secondary species 
found in scrubby thickets, fertility of exhausted soils could be restored with very short 
rotations (Nye & Hutton, 1957). In fact, if grasses are checked by careful weeding and 
with a minimum of burning so that the protected stumps of Acioa coppice freely, one 
can crop VA years with only 2'/i years of fallow before recropping (Vine, 1954). 
Another example is provided in the Orinoco Delta of Venezuela, where farmers may 
plant trees, especially Erythrina spp. on fallow lands, so as to enrich the soil quality 
and to assist the natural secondary woody vegetation in maintaining the shifting 
cultivation system (Ruddle & Chesterfield, 1977). 
Commercial (market-oriented) systems 
Reintroduction of trees into permanent agricultural systems is based on the recogni-
tion by farmers that trees can contribute to their farming effort by reducing fencing 
costs, providing needed shade for perennial cash crops, and adding forage for cattle 
operations. 
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Living fence posts 
The use of living fence-posts in the American tropics is very common, particularly 
in older farming communities where farm woodlots become exhausted at the expense 
of expanding cash crops. Table 2 is an incomplete list of species used for living fence-
posts. Frequently, multipurpose species tend to be favoured. Gliricidia sepium is a 
good example of a legume species whose distribution is now worldwide in the 
(sub)humid tropics. Not only is Gliricidia favoured for its ease in establishment from 
cutting (produced from branches of previously established living posts) and good 
form, but it is also desired for its tender shoots, which make a nutritious feed for 
livestock and minor animals kept by smallholders in backyards. Gliricidia and other 
living fence-post species are also a valuable source of firewood for rural communities 
preferring not to use their cash income for purchased hydrocarbons required for cook-
ing. For example in the Ilocos provinces of the Philippines, planting of this species 
is popular and local farmers have developed several distinct management types of 
woodlots and fences coppiced or pollarded to suit the particular conditions of the in-
dividual farmers. Yearly coppiced Gliricidia woodlots there produce 23-40 m3 ha ~ * 
a ~ * (Wiersum, 1982b). In the Cauca Valley of Colombia, Gliricidia was originally in-
troduced as a source of protein-rich leafmeal as a substitute for lucerne in the concen-
trate food industry for poultry and dairy cattle. 
Table 2. Tree species frequently used for living fence posts. 
Species 
Gliricidia sepium 
Erythrina spp. 
Salix humboldtii 
Spondias spp. 
Bursera simaruba 
Anacardium occidentale 
Jatropha curcas 
Euphorbia spp. 
Rauwolfia inebrians 
Simaruba glauca 
Guazuma ulmifolia 
Newbouldia laevis 
Commiphora kerstingi 
Crescentia cujete 
Tropical 
America 
X 
X 
X 
X 
X 
X 
X 
-
-
X 
X 
-
-
X 
Tropical 
Africa" 
— 
-
-
-
-
-
-
X 
X 
-
-
X 
X 
-
Pantropicalb 
X 
X 
-
X 
-
X 
X 
-
-
-
-
-
-
X 
a. African specis reported by Howes (1946). 
b. Includes all tropical regions. 
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Commercial timber species as shade trees 
There are many examples of farmers planting commercial timber species as shade 
tree above cash-crops or fodder grasses. A unique type of shade-tree selection is found 
in the Japanese colony Tome Acu, in the Amazonian state of Para, Brazil. 
The colony, dating back to World War II, initiated successful black pepper planta-
tions that eventually had to be abandoned, due to Fusarium and Phytophthora root 
infections, or replaced by some other perennial crop. As a result, many pepper planta-
tions were converted to cacao. Because of the high organic fertilizer reserves ac-
cumulated in the soil during pepper production, cacao grows rapidly with high pro-
duction rates (on dry matter basis) often exceeding 1500 kg ha~1 a" *. Under these 
rapid growing conditions, and the irregular climate of the lower Amazon Basin, cacao 
was found to require shade. In their search for a native or already acclimatized shade 
species, individual farmers tried many trees, ranging from Cecropia spp. to Erythrina 
spp. It was during these farm trials that Cordia goeldiana was introduced as a potential 
shade-tree. Today after discarding Cecropia, because it was too short lived, and 
Erythrina, because of its massive growth and brittle branches subject to wind damage, 
the colony is increasingly using Cordia, particularly now that its value for furniture 
has been established. Thus it was the farmer looking for a shade tree that called atten-
tion to Cordia goeldiana as one of the promising native commercial species of the 
Amazon Basin. 
This system contrasts with the three-storeyed system developed in coffee plantations 
of Costa Rica (Budowski, 1978) where the timber species Cordia alliodora forms a 
third layer above an intermediate layer of Erythrina (which is pollarded twice a year) 
and coffee, the main cash crop. The Erythrina contributes not only needed shade and 
nitrogen but also large amounts of organic material from the pruned branches (see 
also Budowski, this volume). 
A common characteristic of such stands of shade-trees in association with peren-
nials as coffee and cacao is their irregular spacing and a tendency to overstocking 
(Eden, 1982; Olofson, 1980). Farmers are often reluctant to thin, which frequently 
leads to stagnated stands and discouraged farmers. As indicated by Dawkins (1958), 
there is a limit to the basal area of healthy trees that a site can develop. This limit also 
affects the stocking rate and diameter distribution of the stand. Such limits to growth 
should be recognized in farm woodlot management. 
Forage trees 
In semi-arid regions with prévalant drought, the expanding population resulted in 
increased demands on both water and vegetation resources. The demand for land 
clearing for annual cropping, fuelwood and fodder all contributed to scarcity of 
forage trees. In response to this situation, farmers in several areas have reacted by plan-
ting fodder trees. 
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Prosopis 
With the introduction of European livestock to the arid Pacific Coast of Peru, 
natural stands of algarrobo (Prosopis juliflora) have been greatly reduced over the cen-
turies, causing difficulties for the local population who depend on it. Seed pods are 
collected for human consumption and for a flourishing feedlot industry for fattening 
both hogs and cattle. Free-ranging sheep and goats are also dependent on algarrobo. 
In response to these circumstances, a strategy for propagating and accelerating seed 
production of algarrobo has been developed (Valdivia & Cueto, 1979). Use was made 
of irrigation canals transecting the coastal area for recent plantation crops including 
cotton, rice, and sugar-cane, passed through barren wastelands of shifting sand. By 
releasing small amounts of gravity-fed irrigation water, to the extent of 2500 m3/ha 
(0.25 m) in the first year for establishment and 1600 m3/ha (0.16 m) during subsequent 
years for plantation maintainance, algarrobo trees start bearing a meaningful harvest 
of seed pods at an age of 3 years. 
By carefully timing the administration of water, algarrobo flowers earlier and for 
longer. Production of seed pods is initially 6-7 t ha ~* a ~ \ having a market value of 
about US $ 30 per ton for feedlot fattening operations. In contrast, agricultural crops 
require 1-4 m of irrigation water each year. 
Leucaena 
Another widely distributed multipurpose forage tree, mostly limited to non-acid 
soils, is Leucaena which has been native to the alkaline soils of Central America. This 
species is now pantropical and has been the focus of much attention at research centres 
around the world for its great potential as a protein-rich forage and as a fuel. 
Traditionally, Leucaena has been used by small farmers in the Philippines for 
backyard cattle fattening (Alferez, 1977). The tree is planted along fence lines and 
boundaries of properties, and family members cut and haul herbage to backyard cat-
tlesheds. Usually animals are given 25 kg of chopped Leucaena with cut grass or rice 
straw, when available. A typical backyard fattening operation usually takes 4 to 6 
months, before animals are sold. Investment is usually low because family labour is 
used. 
Lessons to be learned from traditional forestation strategies 
For many persons trained in temperate climates, forestation projects mean tradi-
tional plantations for commercial timber production. But in tropical regions, where 
smallholders predominate, traditional forestation offers useful alternatives. Projects 
designed around smallholders based on regional needs will help in regional develop-
ment and, if successfully planned at sufficient scale, will eventually contribute to na-
tional economies. 
To the small farmer, tree planting is rarely a novel activity. It is often part of his far-
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ming tradition, even for many generations. For instance farmers plant tree gardens in 
isolated swidden agricultural systems as part of a survival instinct, satisfying a basic 
need. We know of a small farmer on the Ucayali floodplain near Pucallpa, Peru, who 
developed a living fence of closely planted breadfruit trees (Artocarpus utilis). Why 
breadfruit? When interviewed, he replied that, during the past flooding season when 
even his plaintain and cassava crops had failed because of high water, both his family 
and his hogs survived 4 months on a basic diet of breadfruit! 
Traditional forestation strategies have developed in response to various needs 
perceived by rural people: as alternative food sources (tree gardens); as a source of cash 
income where market demand for the products exists (commercial timber, tree 
gardens); as substitutes for purchased products (fuelwood, forage, fence posts, food, 
construction material); and labour-saving or labour-spreading techniques (living 
fence-posts, tree gardens) (Table 3). 
In forestation projects that rely on small farmer participation, it may often be better 
to design the project around their perceived needs rather than to try to impose a 
forestry project as part of a regional development plan justified because the country 
has a shortage of long-fibred pulp or other timber products. The indigenous foresta-
tion strategies developed over time by these farmers were adjusted to meet specific 
needs within the specific environmental and socio-economic conditions. Transfer of 
these strategies must overcome many technical and social constraints. Consequently, 
development of forestation projects in the tropics should be elaborated from local 
strategies and reinforce local practices rather than trying to impose new strange, often 
foreign, ideas that farmers do not grasp. 
Traditional forestation practices need to be considered by visiting research workers 
and project designers in order to develop an appropriate technology in line with local 
social and economic conditions. Projects must be designed around the smallholder's 
Table 3. Afforestation strategies for satisfying basic needs. 
Agroforestry system Ability to satisfy farmers needs 
subsistence cash substitute labour- service 
food source crop for purchased saving role 
products device 
Subsistence, forest-based communities 
Tree gardens 
Managed fallows 
Enriched fallows 
Commercial market-oriented farmers 
Living fences 
Commercial timber species as 
shade-trees 
Forage trees 
X 
X 
-
X 
X 
-
-
X 
X 
X 
X 
X 
X 
X 
X 
X 
-
-
X 
-
-
-
-
X 
X 
X 
X 
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needs for trees and tree products. 
Traditional strategies for solving smallholders basic needs are characterized by the 
following features. 
1. Risk spreading Planting diverse species of fruit-tree in tree gardens helps spread 
the risks involved with the exclusive dependence on annual root or grain crops, which 
may fail for climatic disruptions or insect problems. Breadfruit (Artocarpus utilis) is 
a good example. 
2. Multipurpose species Many species, particularly those used in living fences or 
as shade-trees, tend to be multipurpose. An example is Gliricidia; it is a species used 
widely for living fence-posts and is a source of firewood and protein. 
3. Vegetative reproduction Farmers tend to favour species that reproduce 
vegetatively from cuttings, root stumps, suckers, or coppicing. An often ignored exam-
ple are the palm species Guilielma and Euterpe, which produce basal root shoots and 
are now the basis for management in palm heart operations. 
4. Flexible labour requirements Most tree species are tolerant to cleaning, pruning, 
and other tending operations. Most species can wait for maintenance until the farmer 
has slack time or when the operation coincides with another cultural practice linked 
to the associated crop. Tree growth may be impaired if cleanings are delayed, but most 
trees can tolerate the delayed cleaning without being lost entirely. 
5. Providing investment opportunities Small farmers may invest spare time from 
non-peak labour periods for planting and maintaining commercial timber species, 
even when they know it will be their children who benefit (e.g. tropical cedar, Cedrela 
odorata, planted by Bora Indians). 
6. Requiring no imported component Inputs are strictly local, dependent on 
farmer participation during slack labour periods. From a national planning point of 
view, such forestation projects may therefore spur regional development and en-
courage self-reliance, without any costly imported goods. 
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Land evaluation for forestation 
H.F. Gelens 
International Institute for Aerial Survey and Earth Sciences (ITC), Enschede, the 
Netherlands 
Summary 
The question is raised of the appropriateness of land evaluation in choosing the right kinds 
of forest in forestation planning, i.e. physically suitable for the land available and socio-eco-
nomically relevant for the area concerned. A particular approach to land evaluation for foresta-
tion purposes is advocated and described. Among the important concepts in this land evalua-
tion procedure is land utilization type, which is a well defined kind of land use for which the 
suitability of the land can be individually determined. Other concepts discussed are land-use 
requirement, land unit, land characteristic and land quality. Where applicable, it is indicated 
how these concepts fit into a land evaluation system for forestation. 
Keywords: forestation planning, land-use planning, land suitability, forest land utilization 
type 
Résumé 
Evaluation des terres et boisement 
L'auteur soulève la question de savoir l'aptitude de la méthodologie d'évaluation des terres 
dans des buts de détermination du type forestier exigé en planification de boisement, c'est à dire 
le type physiquement adapté aux terres disponibles et socio-économiquement adapté à la région 
en question. La notion d'évaluation des terres' est définie et sa signification pour la planifica-
tion de l'aménagement du territoire est indiquée. Les approches principales sont décrites et la 
sélection d'une approche particulièrement apte à résoudre des questions de boisement est 
avancée. Cette dernière approche a été décrite d'une façon concise quant à la procédure. Cer-
taines notions importantes dans cette approche sont mises en discussion et leur rôle dans la pro-
cédure s'explique, avec une attention spéciale pour le 'type d'utilisation de la terre'. Ces types 
sont des manières bien définies pour utiliser la terre et qui peuvent être clairement attachées à 
des classes d'aptitude de la terre. L'identification du type d'utilisation de la terre associé à une 
zone particulière a été exposée. D'autres notions sont celles des exigences pour l'utilisation de 
la terre, d'unité de terre équipotentielle, de caractéristique de la terre et de qualité de la terre. 
Les notions spécifiques pour un système forestier d'évaluation des terres ont été indiquées. En-
fin, la discussion a porté sur quelques aspects particuliers de l'évaluation des terres dans le con-
texte du boisement. 
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Introduction 
For many reasons and purposes discussed in previous contributions we need more 
forests. There is a broad spectrum of afforestation and reforestation systems to meet 
this need. In this paper, I will discuss the problem of making the right choice from 
the many kinds of forest that could be established. The paper is not intended to show 
the solution to any single well defined problem situation by indicating what kind of 
forestation each case needs. Undoubtedly such an enumeration of cases would be in-
teresting, but the main aim of this symposium is to gather information and ideas that 
can guide our strategies and designs for forestation. So we need rather to make sugges-
tions for a systematic approach that fits in with the process of rural land-use planning 
in general and can help us to take the right decisions in our forestation planning for 
a particular situation. The approach should guide us to the kind of forest that will 
meet the needs of the people and the country, and will suit the land we want to plant. 
We want to focus our attention on whether land evaluation can meet the need for 
such a systematic approach in forestation planning. First, let us analyse what land 
evaluation is and explain its role in land-use planning. Second, let us look at different 
approaches to land evaluation and decide which approach suits our purposes best. For 
a good understanding, some concepts used in this approach will be discussed and a 
concise description of procedure should be given. In forestry, land evaluation raises 
some special problems. 
The concept of land evaluation in a rural context 
To get a correct understanding of the usefulness of land evaluation for forestation, 
let us consider land evaluation for rural purposes in general, ignoring the use of land 
for mining, factories and urban settlements. 
What is land evaluation? Strictly speaking, it means making an appraisal of the 
monetary value of land. This is of interest to owners who want to sell, prospective 
buyers and tax assessors. Some of the earliest land-evaluation systems were set up for 
tax purposes. Land derives its value, however, from the use that can be made of it. 
When we want to use land evaluation for the proper planning of use, we attach a 
broader meaning to the term: examination, judgment and appraisal of the worth, the 
qualities the land has for rural uses. 
In the course of time, the need for land evaluation has grown and quite a number 
of land-evaluation systems have developed, differing from one other in assumptions, 
in purpose or in adaptation to particular countries or regions. This growing interest 
in land evaluation can be explained by the fact that land-use is no longer a matter of 
tradition based on long-term experience. The explosive population increase (and its 
growing and changing needs) has caused an enormous pressure on land, involving dif-
ferent uses competing for the same land. Such a situation requires land-use planning 
in order to meet the needs of the population. This means both the needs of individuals 
and the needs of the community (country) as a whole. The planning should thereby 
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lead to an optimum use and conservation of the land resources. Such land-use plann-
ing should be based on an assessment of the suitability of the land for rural uses; this 
kind of assessment is the aim of land evaluation. 
This development very much concerns forestry. No longer is the use of land for 
forest determined and safeguarded by its remoteness from population or by owner-
ship. In land-use planning, as opposed to uncontrolled occupation of lands, 
maintenance of existing forest and new forestations should receive attention. In many 
countries, including most developing tropical countries, food and cash-crop 
agriculture take precedence over forestry in nearly all land development (Lundgren, 
1981). This often disturbs ecological balance, endangers the principle of sustained pro-
ductivity, and ignores the rural population's need for firewood and construction 
timber, even though this population is usually the object of the land-development 
plans. 
I have already used the terms land evaluation and land-use planning frequently and 
attemped to indicate the relationship between the two: land evaluation, by providing 
suitability assessments of the land for particular kinds of use, constitutes the technical 
basis for land-use planning. It is often suggested that land evaluation should limit 
itself to a physical land suitability classification and that all economic and social 
aspects of land-use and land-use changes should be the field of land-use planning. A 
sharp distinction cannot be maintained. In many places, it may exist, because physical 
land evaluation and land-use planning (with its social and economic implications) 
have evolved from different institutions. There is then a great need for coordination. 
Often forestry and its complementary activity forestation are under the authority of 
yet another institution which should also be involved. 
Even with the suggested coordination, forestation has to compete with other rural 
land-uses in land use planning and must do so on an equal footing. This can be achiev-
ed by introducing a land-evaluation approach applicable to all kinds of rural land-use. 
The results of such a land evaluation show the suitability of the land for particular 
types of forest, and for different systems of cropping or animal husbandry. 
In principle, land-use planning should be done in steps, starting with a broad con-
cept for a large area. Further steps show progressively more detail and are, as a rule, 
concerned with smaller areas. Accordingly, land evaluation should also be done at dif-
ferent levels of detail. In the following sections, we deal with general principles of land 
evaluation, its concepts, its procedure and its value for forestation without further 
reference to particular levels of detail. Three levels of detail are generally recognized: 
- reconnaissance level, 
- semi-detailed level, 
- detailed level. 
At the reconnaissance level, the suitability of broad landscape units is indicated in 
terms of major kinds of land-use. At semi-detailed and detailed levels, smaller units 
- increasingly uniform in physical properties - are investigated with respect to ever 
more narrowly defined kinds of use. At reconnaissance and to some degree at semi-
detailed level, competition between forestation and other kinds of land-use is relevant. 
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At more detailed levels, it will usually be a matter of finding from among a number 
of possible kinds of forest the one optimum for a particular land area. 
Approaches to land evaluation 
Two main approaches to land evaluation can be distinguished: general-purpose land 
evaluation and specific-purpose land evaluation. 
General-purpose land evaluation follows a standardized procedure to evaluate all 
lands for their suitability to support a generally defined land-use, considered as the 
most ideal and perfect land-use the owner could wish for. This kind of land-use, 
however, is not a study object of the land evaluation, nor is any alternative use. 
An example of a general-purpose land-evaluation system is the USDA land capabili-
ty classification. This assumes that a near-optimum mechanized system of crop grow-
ing is ideal. If the physical environment contains more limitations and hazards to this 
standard land use, the suitability class is lower. The land may then still be suitable for 
grazing and forestry, which are considered second-rate and third-rate land-uses. The 
evaluation is based entirely on physical variables. Social and economic considerations 
are disregarded. 
Specific-purpose land evaluation is not based on a generally accepted land use, but 
different options for use are equally studied as the land itself. The area is broken down 
into land units considered uniform in the characteristics that determine the suitability 
for the relevant kinds of use. By a standardized procedure, each land unit is evaluated 
for its fitness to support the most relevant kinds of land-use, and a comparison of the 
suitability for these land-uses is possible. An example is the land-classification method 
employed by the United States Bureau of Reclamation, specifically for irrigated 
land-use. 
Another example, more relevant for our purposes, is the FAO Framework for Land 
Evaluation (FAO, 1976). That it is based on specific-purpose land evaluation is clear 
from the definition of land evaluation propagated in this publication: 'land evaluation 
(is) the process of assessment of land performance, when used for specified pur-
poses ... ' These purposes are specified by description of land-utilization types (LUT) 
relevant to the area. This relevance concerns not only the general physical conditions 
but also the social and economic setting. The LUT concept, introduced by Beek (1972), 
recognizes that the suitability of the land for a particular use is determined not only 
by the yield of agricultural crops and the increment rates of forest trees. The use of 
the concept land-utilization type acknowledges the relevance of socio-economic 
variables in land evaluation. 
Which approach to land evaluation for f orestation? 
For choosing forestation systems, specific-purpose land evaluation is preferable. 
The forest types possible within a given climatic zone differ widely in their re-
quirements as regards physical properties of the land. So a general-purpose land 
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evaluation for forestry is hardly conceivable. If it were, it would be predominated by 
characteristics related to support of high-value production forest. Such a classification 
would be much like the one for agricultural purposes. In practice, the only land left 
for forestry usually has many limitations for agriculture. With such limitations in 
mind, we have to look for forest types not requiring high-capability land. Specifically, 
we want to determine the suitability of the land for such forest types. From social and 
ecological points of view, a high-value production forest may not always even be 
desirable. 
An approach is therefore needed for forestation that allows evaluation of suitability 
of the land for forest types of high productivity, as well as for forest types to meet poor 
physical conditions and still to give optimum results. The approach should also imply 
provisions in the land-evaluation procedure to guarantee that the forest types con-
sidered fit the socio-economic conditions of the area. 
The FAO Framework for Land Evaluation does not offer a system worked out in 
detail, even for agriculture. However it contains some valuable concepts and it in-
dicates a sound procedure. We will briefly discuss this procedure and the more impor-
tant concepts and consider their usefulness in a land evaluation system for forestation. 
A few terms indicate how far land evaluation can go (Beek & Laban, 19^1). 
Physical land evaluation and integral land evaluation 
Although the selection of relevant LUTs to be considered in evaluation of an area 
is based largely on social and economic considerations, land evaluation as such can 
confine itself to predicting the physical performance of specified LUTs. Such predic-
tion may confine itself to a classification in qualitative terms such as very good, good, 
moderate. It may also be quantitative, predicting yields or rates of increment of timber. 
In both cases, we speak of 'physical land evaluation'. 
If physical land evaluation is combined with socio-economic analysis, we speak of 
an 'integral land evaluation'. In economic analysis, appropriate product and input 
prices are applied to physical inputs and returns, and alternative LUTs can be com-
pared in monetary terms. This allows more detailed analysis of social impacts. In 
forestry with its usually long rotations, a reliable economic analysis is much more dif-
ficult than in agriculture. It usually remains highly speculative, not only because the 
prices of forest products are difficult to predict for a remote future but also because 
the natural development of a forest may take unexpected turns in the course of a rota-
tion (for example, through acid rain). 
Internal and overall land-suitability classification 
Land evaluation may limit itself to determining the suitability of individual land 
units for particular uses, without considering the effects of such uses outside the land 
unit. This is called 'internal land suitability'. In many cases, however, the use of a par-
ticular unit starts processes with effects outside that unit (for example, erosion, run-
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off and local climate). Such effects may even seriously influence landscapes outside 
the area for which the land evaluation is done. Such off-site effects should be given 
consideration in a suitability classification. When this is done, we speak of an 'overall 
land-suitability classification'. 
Land-evaluation procedure and some concepts 
The procedure 
In full, the definition of land evaluation in the FAO Framework reads: 'the process 
of assessment of land performance when used for specified purposes, involving the 
execution and interpretation of surveys and studies of landforms, soils, vegetation, 
climate and other aspects of land in order to identify and make a comparison of pro-
mising kinds of land use in terms applicable to the objectives of the evaluation; This 
is actually a concise description of the procedure of land evaluation. Figure 1 may 
clarify this procedure. 
The initial consultations lead to two major inputs in the evaluation procedure. 
- A description of LUTs physically, economically and socially relevant to the area 
and in agreement with the development objectives. A study of the relevant LUTs will 
lead to the requirements of each (for example, water requirements, nutrient re-
initial consultations 
objectives: 
analysis of the general situation: 
a. general physical conditions 
b. socio-economic setting 
planning otthe evaluation: 
a. selection of relevant LUT's 
b. planning of resources surveys 
economic and social analysis 
presentation of results 
Fig. 1. Diagram of the land evaluation procedure. 
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quirements, workability requirements as to certain machinery). 
- Land-resources surveys will break down the area into land-evaluation units. These 
are uniform (within certain limits) in properties that influence the performance of the 
relevant LUTs. The properties are described in terms of land qualities which should 
be a direct answer to the requirements of the LUTs. They should be given in the same 
terms. 
The essential part of the land evaluation procedure is the checking of the LUT re-
quirements against the qualities of the land units. The extent to which the qualities 
meet the requirements determines the suitability. This process of comparison implies 
that the qualities of each land unit are compared with the requirements of each LUT. 
In this way, the suitability of all land units for each LUT can be listed. 
This suitability classification is essentially physical, although it should be kept in 
mind that the selection of the relevant LUTs in the initial phase of evaluation was based 
on economic and social considerations pertinent to the area. Nevertheless, in an in-
tegral land evaluation, the physical suitability classification is followed by social and 
economic analysis. The results which can then be presented to the planners are more 
complete than in a physical suitability classification only. As a result of the social and 
economic analysis, LUTs may be adapted and redefined and new ones may be added 
to those initially considered. / 
Important concepts 
Some of the concepts encountered in the description of the evaluation procedure 
have been more fully discussed by Bennema et al. (1981). 
Land utilization type (LUT) 
A land utilization type is a specific way of using the land described for the purpose 
of land evaluation in terms of a number of key attributes. These key attributes should 
contain all the relevant technical specifications of the land-use and reflect its physical, 
economic and social setting (adapted from Beek, 1978). The term has become widely 
accepted in land evaluation for agriculture. To foresters, it may sound strange. When 
speaking about ways of using the land to be considered for forestry, we could speak 
of forest-land-utilization types (Andel et al., 1981). 
A detailed discussion of key attributes does not fit the scope of this paper and we 
limit ourselves to those usually relevant for forest LUTs; 
- the products; 
- labour intensity; 
- capital intensity; 
- technical management, in forestry we can distinguish between the silvicultural 
management and the harvesting (logging) management; 
- scale of operations. 
The term 'product' needs further explanation. It has a wider meaning than the wood 
225 
and the so-called secondary forest products harvested from the forest. It includes 'pro-
ductive' functions of the forest such as nature conservation, soil protection and recrea-
tional facilities. 
The identification of relevant LUTs is done in the stage of initial consultations. The 
general physical situation (climate, dominant soil conditions and general topography) 
is not the only consideration in this identification. A forest type may physically fit an 
area but such a physical suitability is irrelevant if it does not fit the socio-economic 
setting of the area. For example, in an underdeveloped area with a serious firewood 
problem, shortage of arable land and no forestry tradition, a long-rotation forest for 
the production of heavy logs for veneer or saw timber is irrelevant. 
Selection of LUTs is done by means of what has been called 'an analysis of fun-
damental references' (Beek, 1978). This can be seen as a preliminary form of socio-
economic analysis, which may or may not be repeated after the physical land evalua-
tion. Besides the general physical condition of the area, the following fundamental 
references may be mentioned: 
- overall development objectives, e.g. creating employment, developing a wood in-
dustry, improving the ecological balance of the area; 
- the overall development situation: present land-use, past trends and outlook for 
population pressure, labour productivity and infrastructure; 
- social and economic attributes of the area, e.g. land tenure, market studies; 
- the time during which the land evaluation should be relevant. For example, an area 
may still be rather sparsely populated but there may be evidence of an impending rapid 
and steady population increase. Long-term planning considering large tracts of long-
rotation forest for the production of commercial timber is not appropriate in such a 
case. 
The approach towards identification of relevant LUTs, as described here, guarantees 
due consideration to the social implications in any forestation planning. The main 
reason for dealing with the concept of (forest) land-utilization type in a rather detailed 
way is to bring out this point. For further clarification of the concept of land utiliza-
tion type, I give a hypothetical example of a description of a forest land utilization 
type (from Andel et al., 1981). It concerns a recreation forest in densely populated 
areas in north-western Europe with the following key attributes: 
This land utilization type of mainly man-made forests near concentrations of popu-
lation, has as main objective the production of space and agreeable forest environment 
for leisure and recreation (product). At the same time, this utilization type produces 
wood from slow-growing hardwood species and of high quality, and wood for in-
dustrial use or fuel. Labour requirement, both skilled and not-skilled, depending on 
the type of infrastructure, about 1.5 per square kilometre. Level of capital investment 
is high, because of costs of structure and degree of mechanization. Level of manage-
ment is high, mainly because of the planning of forestry work, intensity of visits, 
planning of the recreation facilities, public relations and financial organization. 
Supervision by university-trained foresters requires at least an area of 5000 to 10 000 
ha. Since the average area of a recreation forest will rarely be more than 500 ha, com-
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binations have to be made. Technology for establishing and tending is simple and for 
harvesting and transport advanced. Scale of forest operations is small to promote 
diversity of the area (0.25 ha). Income is from wood and recreation facilities. Costs 
are mainly for maintenance of infrastructure and for a very small part for forest work, 
such as planning and thinning. Wood is produced on 30% of the area. Wood produc-
tion in forest areas is about 5-8 m3 ha" 1 a~ '. About Vi is open space and another 
V-i is water. 
Land-use requirement 
A complete description of a LUT by means of key attributes should enable us to 
determine its specific requirements. The land-use process is analysed into component 
processes and activities. Each process or activity has its own requirements and it is 
customary to distinguish a few main groups of requirements: 
- growing (ecological) requirements, e.g. water requirement, nutrient requirement 
for making a stand of trees grow; 
- management requirements, e.g. terrain conditions to operate a certain logging 
system; 
- conservation requirements, e.g. a certain resistance to erosion because a given forest 
type may provide only limited soil protection during certain periods of its rotation. 
Land-use requirements can be considered the most fundamental aspect of a LUT 
in land evaluation. They determine what land-resources data need to be studied. This 
fact enables efficient planning of the land-resources survey activities. 
Land units 
The land has to be divided into parts that can be treated individually as units in the 
process of land evaluation. By resource surveys, units with specified characteristics can 
be identified, marked off and characterized. They can be distinguished from other 
units and presented on maps (mapping units). In principle, the units should be 
homogeneous (i.e. with a limited tolerable internal variation) in characteristics that in-
fluence suitability for the relevant LUTs of the land evaluation (land evaluation units). 
Land characteristic 
This is a single attribute of the land that can be measured or estimated (for example, 
soil depth, watertable, slope and its length). 
Land quality 
The concept of land quality has been developed for the purpose of synthesizing 
single measurable characteristics of the land into assessment factors that have a 
specific influence on land-use performance. As such, they are the direct answer to the 
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land-use requirement. They are complex, however, and often difficult to express as a 
value. Land qualities can be divided into the same groups as land-use requirements: 
- ecological qualities influencing the growth of the crops or trees of a LUT (e.g. 
availability of water or nutrients); 
- management qualities influencing options for technical management (such as of 
the introduction of certain mechanized logging systems); 
- conservation qualities indicating the ability to resist degradation with certain kinds 
of use. This is relevant to certain harvesting practices in forestry. Another example is 
the forest-fire hazard. This may influence the suitability of certain species which are 
susceptible to forest fire for forestation in 'lightning belts'. 
Special aspects of land evaluation for forestation 
Land evaluation for forestation or for forestry has some special aspects, unknown 
or less common in agriculture. 
Presence or absence of forest under present conditions 
We have the terms 'land evaluation for forestry' and 'land evaluation for forestation' 
indiscriminately used. The latter term implies that the land under consideration may 
not bear forest at the moment. Land evaluation for forestry has a wider meaning, in-
dicating land on which an existing forest is present. This makes the land evaluation 
more complicated. The existing forest vegetation is an attribute of the land and in-
fluences the suitability classification. Compared with unforested land, land with a 
particular forest type tends to have a higher suitability for that type or for types to 
which it can easily be converted, because fewer inputs are needed. On the other hand, 
unforested land may have a higher suitability for a particular forest type than land 
covered with the 'wrong' forest because removal of the latter will require an additional 
input. 
Long rotations in forestry 
The long rotations common in forestry have several implications for land evalua-
tion. 
We already indicated the difficulty of reliable economic analysis that remain valid 
at the end of a rotation. The fact that forests usually have a number of functions, of 
which several are difficult to express in monetary terms, means that physical suitability 
combined with a short-term or medium-term economic analysis must be considered 
a reasonable basis for planning decisions. 
Long rotations make it financially unattractive to invest great sums in major land 
improvements, such as irrigation works. It is therefore rather uncommon to undertake 
such major land improvements in forestry. This is the reason we have not paid special 
attention to this aspect of land improvements, which in agriculture is often of great 
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importance in land evaluation. 
Because of the long rotations, the effects of decisions in forestation will be felt for 
a long time. In agriculture, a wrong choice of crops can often be remedied after one 
year. In forestry, this is not so. Prudence is therefore recommended. If in doubt, the 
choice should go in the direction of forest types that can be adapted to unforeseen con-
ditions by management practices. 
Scale of operations 
For many LUTs, the size of the area of suitable land on which it can be practised 
is of minor importance. In other cases, an area of a certain minimum size is needed 
for successful operation. Particularly in forestry, these areas can be of considerable 
extent. For example, for a successful pulpmill, a minimum area suitable for particular 
tree species has to be available within a given radius in order to provide the mill with 
sufficient raw materials. Several more examples could be given where land evaluation 
for forestry has to take into account this minimum size of suitable land area. 
Multi-purpose forest (land-utilization) types 
Different kinds of produce may be obtained from the same piece of land. In modern 
agriculture, however, this is not a common practice. In forestry, it is common for one 
forest land-utilization type to have two or more functions. 
A timber-producing forest may have a recreational function; a forest with a soil-
protection function may also be to some degree exploited for timber and firewood. 
When planning such multi-purpose LUTs, the suitability of the land units has to be 
assessed for each of the purposes. In a multi-purpose LUT, there will usually be 
mutual constraints between the different functions. The combination may need con-
cessions as regards the optimum species composition for each function. As each func-
tion also implies specific management practices, this aspect may require compromises 
too. 
Off-site effects of forestation 
A forest not only influences the site where it grows, but many effects are felt at 
various distances away from it. It can influence the climatic conditions of adjacent 
land units; it can have an impact on the hydrology of a whole watershed, and its effects 
on erosion are often evident in remote lower reaches. These off-site effects should 
receive attention in land evaluation for forestation and the earlier mentioned 'overall 
suitability classification' should be common practice. The off-site effects of foresta-
tion are, like several on-site functions, difficult to evaluate in monetary terms. So deci-
sions in forestation planning should not be based exclusively on an economic analysis 
of directly measurable inputs and outputs. In land-use planning, off-site effects may 
often be decisive for the choice between forestry and non-forestry use. 
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Concluding remarks 
A particular approach in land evaluation can make a valuable contribution to 
choosing the right kind of forestation, wherever forestation is needed or deserved con-
sideration. Not only physical conditions receive attention, but the influence of social 
interests and economic aspects relevant to proper choice of forestation is systematical-
ly brought into the procedure leading to the planning decision on forestation. 
For practical application, the approach needs to be worked out in more detailed 
guidelines for a particular country or region. The preparation of such guidelines was 
recommended at a workshop on land evaluation for forestry sponsored by IUFRO and 
ISSS, held at Wageningen in November 1980. As a result, FAO started activities in this 
field and held a technical workshop in Rome in October 1982, discussing a first draft 
of 'Guidelines for land evaluation for forestry'. An improved draft with wider distribu-
tion is expected in 1984. 
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Diagnostic methods for large-scale industrial forestation projects 
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Summary 
Systems engineering, multiple-criteria analysis, cost-effectiveness analysis, cost-benefit 
analysis and financial analysis are compared as diagnostic methods for forestation projects. 
Complementary models, specific for forestation projects, are examined for their viability in this 
context. The most effective complementary model leads to a specific diagnostic method for 
each project component. The resulting combination ensures the best information as a whole. 
Prospects for data utilization and project understanding are mentioned briefly. 
Keywords: Evaluation techniques, system analysis, economic aspects plantations 
Résumé 
Une méthodologie pour le diagnostique des projets de boisement industrielles à grande échelle 
Les méthodes: ingénierie de systèmes, analyse de multicritères, efficacité des coûts, analyse 
coûts/bénéfices et analyse financière, sont comparées et discutées en tant que méthodologie de 
diagnostique pour des projets de boisement. Des modèles complémentaires, spécifiques pour 
des projets de boisement sont démontrés et examinés sur leur viabilité dans le contexte de cette 
méthodologie. L'application du modèle complémentaire le plus efficace amène à l'application 
de la méthode de diagnostique sur chaque composant du projet. Cette combinaison est la 
meilleure source d'informations que puisse produire la méthodologie. Les perspectives de 
l'avenir pour l'utilisation des données et la compréhension des projets sont mentionnées briève-
ment. 
Introduction 
As a planting programme, the objectives in planning a forestation project involve 
qualities whose effectiveness are independent of the project's aims. The reasoning is 
based on the multilateral features which may evolve from the planted seedling and the 
plant community 'forest' (Paneel, 1982). If emphasis of a project is shifted to stress 
the mere production of raw material without taking into account the specific 
ecological situation or possible ecological effects, it may meet expectations for a short 
term, but would jeopardize its own existence and thus lose justification. In this con-
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text, all diagnostic methods must be aligned to the components of planning in a 
forestation project, e.g. target formulation, site selection and selection of species. 
Characteristics of a large-scale forestation project 
Beside the specific aim of a forestation project (which mainly determine the scope 
of the project, Evans, 1982), several characteristics distinguish large-scale forestation 
programmes from small ventures, e.g. community forestry development, integral catch-
ment approach. These characteristics are as follows: 
- availability of sufficient land with clear ownership; 
- species selection, inertia in the event of subsequently desired modifications; 
- large-scale employment of manpower and equipment; 
- tying-up of substantial capital; 
- dependence on the prevailing situation of the product market; 
- infrastructure required for regional and superregional orientation of production; 
- structural changes in the human environment; 
- project's multiplier effect for settlement activities; 
- adaptation to legal framework; 
- conflict of aims to sustain yield. 
Survey of identifying methods 
Because of the appropriation of considerable funds, of expected spectacular results, 
and ecological and economic problems, a means is needed to analyse the source of er-
rors and to facilitate decision-making in the implementation of future large-scale 
forestation projects. Though not always applied to forestation, there is abundant 
literature on various procedures for analysis and evaluation. Some of them are describ-
ed in the following subsections. 
Systems engineering 
Systems engineering is defined as a guideline to the appropriate and methodological 
formulation of complex systems based on specific models and fundamental principles 
(Daenzer et al., 1977). There is no cognitive nor conceptual differentiation in general 
or in forestry projects between systems engineering, systems analysis, total systems ap-
proach and operations research. Common to all is the examination of function, struc-
ture, temporal behaviour and cybernetic systems, particularly economics, with model 
systems and methods. Emphasis is on the comprehensive coverage of the entire system 
to be discussed, and on examination of components within the system. 
The reason for discussing systems engineering at this stage in spite of the concur-
rence outlined above, is its slightly more prevalent weighting as a control mechanism 
in projects (Daenzer et al., 1977). 
In systems engineering, problem solving is facilitated by a general model procedure 
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based on breaking down the entire system investigated step by step. The procedure is 
as follows: 
- development: pre-feasibility study, feasibility study, detailed planning; 
- realization: system formulation, implementation of system; 
- utilization: system application, motives for modified or new formulations. 
The elements of the development phase form part of a coherent problem-solving 
cycle consisting of: 
- target investigation: analysis of conditions, target formulation; 
- solution research: analysis, synthesis; 
- selection: evaluation (cost-benefit analysis, cost-effectiveness analysis), decision. 
In practice, the model procedure is applied within the system's layout, which is part 
of the problem-solving process of the systems-engineering method. The components, 
i.e. definition of needs, problem delineation, target definition, solution research, and 
choice in the formulation of the system, are treated within the context of the project 
to be formulated and its relevant environment. 
Pros and cons: Proceeding from the rough outline toward detailed conceptions 
necessarily calls for the assessment of the overall structural conditions of a forestation 
project, such as physical site conditions (ecology), human environment, and 
macroeconomic and political factors. Selection of the site predominantly determines 
the conditions for production of the forest plants in question and must therefore be 
included as a decision-making criterion in systems engineering at a relatively early 
stage. This is possible, of course; however if systems engineering is not closely aligned 
to the forestation project, with the component of site determination weighted accor-
dingly, the system may well protract the process of species selection through numerous 
phases of decision making. 
Multiple-criteria analysis 
The decision-making instrument of multiple-criteria analysis has gained ground 
over the last 15 years in the assessment and evaluation of projects with complex 
macroeconomic benefits. The major sections here are 
- formal models of multiple-criterion choice, 
- multicriterion evaluation, 
- multicriterion-assessment methodologies (Fishburn, 1977). 
Within its context as an instrument of assessment, multiple-criteria analysis pro-
ceeds from hypothetical values, which are aligned to the basic assumption. The 
elements of assessment, e.g. wood increment and improvement in income of the rural 
population, are evaluated separately but without being weighted and assigned to a 
common scale. To compare the projects or project variants chosen, different techni-
ques (Tell, 1977) are used for ranking. The results are often represented in a matrix 
showing project alternatives/evaluation elements in their relation to criteria or objec-
tives; these may be sequence of target, rank, utilization and argument. 
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Alternatives for project emphases are, for example: 
A. production of raw material, 
B. improvement of income for rural population, 
C. diversification of forest production. 
Under the same criterion of erosion control, Alternatives A, B and C may be rated 
as 'more suitable' or 'less suitable': 
Project A > Project B 
Project C > Project B 
Project C > Project A 
Thus, the order of priorities is C > A > B. 
With this method, the project with the greatest number of 'positive' grades among 
all criterions is ranked as most advantageous. 
Pros and cons: For multiple-criteria analysis, Tell (1977) indicates that a model must 
be developed to represent the advantage of a project and not of a single decision. This 
applies already when considering the Delphi technique and factor analysis, which are 
an aid in establishing model applications for various problem areas within a team. The 
relevance of the results obtained by multiple-criteria analysis depends on how careful-
ly the selection and assessment criteria are weighted and ranked. Multiple-criteria 
analysis in forestation projects is confined to sectors which leave room for more exten-
sive abstracting argument, as accepted in macro-economics and sociology; this is the 
case, for example, in the selection of a suitable water catchment area within a regional 
unit, or the organizational and political tie of a project. 
Cost-effectiveness analysis 
According to ECMT (1981), cost-effectiveness analysis was developed to decide on 
the option involving the lowest cost with the criteria of the deciding body. The criteria 
to be considered in the decision-making process are grouped into sets of those that can 
be expressed in monetary terms and those that cannot. Cost factors of the relevant op-
tion are compared with effects. The effects are expressed in different dimensions or 
assessed by expert opinion, and are transformed to an initially established goal-
achievement scale according to their beneficial results. The procedure ignores the units 
of measure. Subsequently, the individual effects are weighted according to target rank-
ing. From costs and effects, Daenzer et al. (1977) derives a code to express the cost of 
one project effect unit; the lower the code value, the better the option. An example 
is given in Table 1. 
Pros and cons: Niskanen (1969) and Hemmer (1978) hold the application of the cost-
effectiveness analysis to be meaningful in projects, where the inputs can but the out-
234 
Table 1. Hypothetical example of cost-effectiveness analysis for forestation projects. Op-
tion I, forestation of large continuous areas; II, community (dispersed) forestation; III, site-
specific forestation mainly with native species. 
Costs 
Cost factors 
Acquisition of land 
Capital goods 
Material goods 
Wages - salaries 
Cost (US $/ha) of project alternatives 
I 
100 
1900 
600 
250 
II 
180 
500 
250 
410 
III 
110 
1000 
500 
350 
Effects 
Performance 
Improved income of rural 
families ($/a) 
Production of timber 
( m ' k - ' a " 1 ) 
Erosion control: retention of 
soil (t h a " 1 a - 1 ) 
Diversification of forest pro-
duction (quality) 
Performance code number 
Costs 
Performance code number 
Cost of effect unit 
Weighting 
0.9 
0.7 
0.5 
0.4 
Register of useful values 
I 
8 
8 
1 
2 
7.2 
5.6 
0.5 
0.8 
14.1 
I 
2850 
14.1 
202 
Most effective alternative: II 
II 
1 
5 
8 
10 
II 
1240 
12.4 
100 
0.9 
3.5 
4 
4 
12.4 
\ 
III 
1 0.9 
4 2.8 
9 4.5 
9 3.6 
11.8 
III 
1960 
11.8 
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puts cannot be measured in financial terms. At first glance, the accessible presentation 
and evaluation of options appears to be helpful. However the establishment and ap-
plication of weightings introduces the analyst's subjective opinion into the evaluation. 
Still, cost-effectiveness analysis (the careful application of the goal achievement scale) 
is capable of providing value judgements in respect of forestation projects where non-
marketable benefits are preferred, e.g. erosion control, soil improvement, controlled 
drainage, water supply, and influence on climate, just to mention the more obvious. 
On the other hand, in an afforestation project involving the goal of industrial utiliza-
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tion as well as substantial capital investment, it cannot suffice to select the most effec-
tive option, which, but it will also have to be the most economically viable. 
Extended cost-benefit analysis 
The 'FAO Manual on Economic Development Projects' (1958) expressed micro-
economic efficiency on the basis of ranking order. 
In the multiple-objective approximation, project objectives are aimed at with con-
sideration of collateral conditions which appear important to the planner. Various 
macroeconomic evaluation methods endeavour to include this complex of objectives: 
- zero-base budgeting (Senate, 1977), 
- cost-benefit analysis (Hofmann 1981, gives a useful survey of the immense litera-
ture), 
- cost-effectiveness analysis(Goldman, 1967), 
- analysis of useful values (Zangemeister, 1973). 
The cost-benefit analysis as described by Hofmann (1981) and modified in its ex-
tended form for forestry projects by Gregersen & Contreras (1979) is the most ap-
propriate for assessment of forestation projects. 
In the extended cost-benefit analysis, the projects' actual cost burden and all 
resulting effects are listed and evaluated. Profits and costs are identified and related 
to each other and to the project. The sequence of tables represents the actual evalua-
tion, which is finally summarized in the profit-and-loss calculation. If the market 
price adequately reflects the macroeconomic values of costs and benefits, it will be in-
tegrated in the evaluation procedure; should this not be so, 'macroeconomically rele-
vant' or 'shadow' prices are construed, based on the consumers' willingness to pay. 
In principle, benefits and costs in forestation projects are listed as follows: 
Benefits Costs 
Contribution to national income Land 
Benefits improving the availability of for- Labour 
eign exchange Material goods 
Benefits improving the supply of goods - material goods reducing availability 
and services of foreign exchange 
- material goods reducing availability 
of tangible goods 
In forestation projects, particular attention must be paid to land productivity and 
ecological impact, as well as to materials and equipment, finance, human resources, 
operational and institutional situation. These two components can be assessed by 
long-term investigations. Possibilities of adopting such data from similar projects are 
limited because of the difficulties in comparing ecological conditions. 
The statement on project results therefore is based on assessments of yield, means 
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of production, expenditures, and direct and collateral benefits. Each of these 
parameters is subject to uncertainty through changes in site conditions, and in 
economic, human and environmental factors relating to the project. This ambiguity 
and its effects on project results are assessed by sensivity analysis, for which either all 
parameters with their possible changes can be altered or only one parameter is altered. 
Aside from informative advantage, the latter procedure also has didactic merits, as it 
demonstrates the project's dependence on each parameter. 
Pros and cons: Contrary to the most familiar methods of project evaluation of 
UNIDO (Dasgupta & Marglin, 1972), OECD (Little & Mirrlees, 1974) and World Bank 
(van der Tak & Squire, 1975), whose major component is economic evaluation by cost-
benefit analysis, the extended cost-benefit analysis discussed here does not possess all 
of the shortcomings examined by Weiss (1976), because of the more pronounced con-
sideration of project-related effects. However then and now, the value of the 
willingness-to-pay factor is still an inherent weakness and may lead to erroneous 
evaluations (Recktenwald, 1981) 
Financial analysis 
The forestry venture in the sense of central European operations or the forestation 
project is to be regarded as the basis of the financial profit-and-loss calculation. Since 
the venture's profitableness results from the comparison of yield and investments 
related exclusively to the operation itself, disregarding all outside benefits, this method 
of evaluation is suited only to some extent to the diagnostic assessment of forestation 
projects, in which a complex social and ecological impact comes to bear. 
However, if the forestation programmes are projects with the primary goal of 
safeguarding the production of industrial plants (e.g. integrated sawmill, integrated 
sawmill and plywood, or integrated pulping production), then microeconomic pro-
fitability is an important criterion. The influence of possible positive and negative 
feedbacks on the economic viability of the venture must then be clarified. 
Some examples of possible positive and negative feedbacks are given in Table 2. 
Comparison of diagnostic methods 
The major characteristics of diagnostic methods have been briefly described. The 
extensive literature on this subject offers scope enough tó pursue further questions in 
detail. 
The relevance of individual methods in the diagnostic analysis of forestation pro-
jects has been partly explained. Application of any method requires knowledge of its 
basic structure: an overview of the structural properties is given in Table 3 by com-
parative criteria. 
Systems engineering is based on the examination of an overall system, whereas 
multiple-criteria analysis, cost-effectiveness analysis and cost-benefit analysis 
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Table 2. Effect of various autonomous developments on financial viability of industrial 
f orestation programmes. 
Development 
Change in extensive land-use 
methods (e.g. shifting cultivation) 
because of job security 
Development absorption capacity 
of local market 
Safeguarding water supply 
Higher tax revenues 
Increasing dependence of local 
population capable of earning on 
the project 
- Unemployment in critical time 
- Organization in trade unions 
- Obliteration of home industries 
Possible effect 
Improved land-use, strengthening 
of ability to pay 
Ensuring sales 
Reducing the cost of water 
Improvement of infrastructure, 
changes in transport costs 
Influence on 
financial 
viability 
more positive 
more positive 
more positive 
more positive 
social security burden 
influence on price structure 
changes in age structure 
more negative 
more negative 
more negative 
gradually deliminate the subject, until in the finally financial analysis the operation 
remains as the sole object of examination. In principle, the purpose of the diagnostic 
techniques discussed here is the formulation of opinions to allow implementation of 
a project with adequate decisions. 
All five methods can be integrated without reservation in the procedure of systems 
engineering, i.e. target definition, solution research and selection. It covers the concep-
tual processes involved in a diagnostic method. Whereas multiple-criteria analysis 
takes account of criteria ranked merely for comparability, criteria in cost-effectiveness 
analysis are entered in the effect value list only if considered as direct monetary 
comparison. 
Cost-benefit analysis reaches deeper in that it attempts to express the value as well 
as the dimension of benefits by establishing values for criteria. None of the methods 
discussed is free from subjectiveness, even financial analysis. The procedural and 
evaluating method is dependent on prices that can be predicted only to a certain extent. 
Applicability of diagnostic methods in large-scale forestation projects 
The objectives of a project consist of target concepts and restrict the options for the 
project. Such restrictions may be technical, economic or political. Forestation projects 
feature some recurring technical and other processes, which offer points of applica-
tion for certain diagnostic methods. 
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(1) Formulation of a project target. In systems engineering, the formulation and 
analysis of objectives are integral parts of the systems. One can differentiate essential 
from desirable objectives and look for conflicts. Multiple-criteria analysis uses objec-
tives as input to establish priorities. It does not examine the logical sequence of objec-
tives but uses subjective assumptions as a basis. Cost-effectiveness analysis also takes 
a subjective definition of objectives to be attained in the most effective way possible. 
Although macroeconomic factors can easily be considered, conflicts of aims cannot 
be proven, unless the approach is specially geared to solving these problems. Cost-
benefit analysis is also oriented to the objective of a project. Its mechanism of evalua-
tion will then be geared to the macroeconomic benefits of a forestation project. In 
financial analysis, all aspects of the enterprise are geared to the objective of the project 
to optimize profits. 
(2) Selection of project site. The selection of a site for a project can only be analys-
ed if there are sufficient resources to provide several options (Table 4). Otherwise only 
the choice of planting species and extent of forestation can be analysed. Instruments 
of site evaluation in systems engineering are cost-benefit analysis, cost-effectiveness 
analysis and financial analysis. Choice is determined by ecological, economic, social 
and political considerations, detailed recording of which is required for cost-
effectiveness analysis, cost-benefit analysis and financial analysis. With multiple-
criteria analysis, by contrast, a site can be selected without ascertaining ecological con-
ditions (including performance of the selected species). 
(3) Selection of species. Once criteria for decisions have been established, combined 
use of multiple-criteria analysis, cost-effectiveness analysis, cost-benefit analysis and 
Table 4. Approximate minimum viable size of resources for a new plantation project (Evans, 
1982, p. 85). 
Project/Operation Green timber Net plantation Investment Manpower 
(m3ha - 1) area3 (million US $) 
Fuelwood crop no definable minimum 
Integrated sawmilling 15 000 1 000 1 30 
Integrated sawmill + plywood 100 000 7 000 10 200 
Integrated pulping" 500 000 25 000 250 2 000 
Woodchip export 100 000 5 000 4 60 
Environmental projects minimum area to solve protection problem and to maintain 
satisfactory crop 
a. Assumed mean annual increment for fuelwood, pulpwood and woodchips is 20 m3 ha-1 er1; 
for sawtimber and plywood 15 m3 ha-1 a-1. Also, the total area needed will be 10-20% greater 
to allow for roads, firebreaks, land for mills and villages. 
b. Smaller scale operations may be justified if pulp is not intended for world markets. Also, 
thermomechanical processes offer for lower rates of production and capital requirements. 
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financial analysis can be used to sift information and choose the species. Multiple-
criteria analysis can only establish an order of priority that narrows the options. For 
instance, results in the region or elsewhere can be matched against conditions, to place 
species combinations in orders of priority. 
Further aspects that define the success of the project are human environment, and 
effects of the project on the ecosystem. Their measured or assessed effects can be in-
cluded in the diagnostic process with all the methods (Table 5). 
Combination of diagnostic methods 
The components of the various methods can be assessed by calculation or computa-
tion, by analysis and deduction, or by expert judgment: 
- calculation and computation, technical recording of project data for comparison, 
or as information important in itself; 
- analysis and deduction, expression of measured data and assessment of their effect 
in relation to the likely outcome of the project; 
- expert judgment, conclusion can be drawn about the cases and about possible 
development. 
If information is scarce (Table 5), the usefulness of the various methods can be sum-
marized as in Figure 1. 
With consistent application of this approach, the actual meaningfulness of goal 
achievement in ecological and macroeconomic senses will be far below that desired by 
the parties responsible for decisions. Determined pursuance of the basic criteria makes 
it clear that models and constructions must be complemented to provide robust 
diagnostic methods for large-scale forestation projects. A possible approach is to be 
found in Project Components II, III, IV and V (Table 5). The most effective com-
plementary models for extraction of information from the individual diagnostic 
methods is indicated in Figure 2. 
Consequences for planning and evaluation of forestation projects 
The complementary models draw data from disciplines such as remote sensing, 
hydrology, soil science, silviculture and sociology. 
Project site and selection 
As demonstrated by Gonzalez Durazo in this volume, aerial photography is an ade-
quate means of obtaining information on structure, soil type, vegetation and settle-
ment. Such information provides criteria for decisions and indicates availability and 
productivity of land. Remote-sensing data from satellites can be included at 
reasonable cost and offers adequate information, as long as objectives are clear. 
Landsat IV has a resolution of 900 m2 and can be used in the spectral wavebands 
0.6-0.7 and 0.8-1.1 /tin, which are particularly useful for silvicultural purposes. The 
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SE MCA CEA CBA FA 
Fig. 1. Usefulness of various diagnostic methods for analyzing different project components 
I-VI in cases of sparse basic information. Symbols are explained in table 5. 
CBA FA 
^ 
IV 
V 
VI 
Fig. 2. Optimal use of diagnostic methods for analyzing different project components I-VI in 
case of detailed information. 1, first priority alternative; 2, second priority alternative; other 
symbols as in table 5. 
topographic structure of a project area (Paneel, 1982), climate (Gregersen & Brooks, 
1978) and soil cover allow decisions on silvicultural measures, e.g. ground cover to pro-
tect projected or existing forest areas. Visual appraisal of the erosion situation (FAO, 
1977) can often yield sufficient information on possible impact, including that on the 
ecosystem. 
Choice of species 
With the ascertained site conditions, it should be possible to select species to meet 
the objectives of the project. The success of a large-scale forestation project is directly 
dependent on the success of cultivation measures, which in turn are dependent on: 
- ecological suitability of the species to the site, 
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Figure caption at p. 245. 
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- silvicultural measures adopted, 
- cooperation of the resident population, 
- unforeseen events. 
These aspects can rarely be investigated, because of inadequate data on local species 
or on suitable exotic species with little inherent risk. An ideal complementary model 
for diagnosis in for forestation projects could be an information system that provides 
'hard data' for specific site conditions. Such a model (Paneel, 1982; Webb et al., 1980) 
is being developed for regional and wider use. 
Human environment 
The reference to the human environment is decisive both for implementation and 
for long-term effectiveness of a project. Criteria of feasibility are based on 
- analysis of the organization structures of the human environment, including 
demographic and social structures, ownership, operational organization, and habits 
and behaviour; 
- analysis of the impact of the forestation project to assess changes in the human 
environment, to estimate the effectiveness of new organization, and to find out by 
questionnaires or interviews about the cooperativeness of people affected by the 
project. 
Such information can be obtained partly by measurement and partly by question-
naires, which have limited application. An experienced sociologist, however, can ac-
quire information on behaviour and the opinions of the population towards matters 
affected by the forestation project. Such information can be fed into complementary 
models. 
Effects of the project on the ecosystem 
Whereas volume increments can be used as criteria of forest species, there are hardly 
any quantitative measures of positive changes in the ecosystem. Volume increment is 
Fig. 3. Coherence between diagnostic methods and complementary models in forestation. 
Legend 
1. Conditions outside the project area: 1.1. ecological conditions; 1.2 human environment; 1.3 
economic conditions; 1.4 political conditions. 
2. One possible diagnostic method: 2.1 systems engineering; 2.2 multiple-criteria analysis; 2.3 
financial analysis; 2.4 cost-effectiveness analysis; 2.5 cost-benefit analysis. 
3. Conditions in the project area: 3.1 ecological conditions; 3.2 human environment; 3.3 
economic conditions; 3.4 political conditions. 
4. Internal conditions: 4.1 organization; 4.2 finance; 4.3 staff; 4.4 technical equipment. 
5. Project components and determinants (real and abstract): 5.1 project objective; 5.2 selec-
tion of site; 5.3 species selection; 5.4 human environment; 5.5 benefit to ecosystem; 5.6 project 
results; 5.6.1 shape of forestation area; 5.6.2 size of forestation area; 5.6.3 direct outputs; 5.6.4 
indirect outputs; 5.6.5 possible planting results; 5.6.6 costs; 5.7 economics of project. 
6. Complementary models specific to project component. 
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easy to measure and is popular for commercial reasons. However, complementary 
models should gather data on the macroeconomic value of ecological effects, such as 
those discussed by Evans in this volume, e.g. conservation of soil nutrients, improve-
ment in water supply, control of run-off and improvement in climate. Examples of 
methods to evaluate their economic effect are given by Gregersen & Brooks (1981) and 
Ruthenberg & Lehmann (1980). 
A general simulation model 
The models used provide statements on some aspects of projects can be used in in-
dustrial forestation projects to decide on the most effective option on the basis of local 
information and information for similar projects. Sensitivity analysis can be used to 
test the robustness of models. 
For the diagnosis of all combined aspects of forestation projects, these models must 
be incorporated in a general simulation model, which should be applicable for dif-
ferent regions. The variables to be defined in this simulation model include physical 
site, species, human environment, economic and political conditions, ecosystem, and 
other positive or negative effects. All combination of variables must be geared to the 
following statements in the simulation model: economically viable; ecologically 
stable; reconcilable with the requirement of human environment, and macroeconomi-
cally viable. 
Such a simulation model should allow change in site-specific data of the variables, 
in order to provide a statement for industrial forestation projects on economic effi-
ciency, ecological effects and influences on human environment. It may utilize the 
relations between the diagnostic methods and the complementary models in foresta-
tion projects as shown in Figure 3. 
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Use of Landsat imagery and geographical data bases for evaluation of 
soil erosion and for reforestation planning 
J. Gonzalez Durazo 
IBM Mexico Scientific Center, Mexico, Mexico 
Summary 
For planning of remedial actions against deforestation and soil erosion, access is needed to 
reliable and up-to-date data on forest and erosion conditions. The IBM Mexico Scientific 
Center has carried out several projects with government agencies with Landsat satellite images 
to measure the present area of forests and the rate of deforestation, and to assess the extent of 
soil erosion. The results of such analysis have been integrated with cartographic information 
from topographic, climatic and geological maps and in some projects also with socio-economic 
data. This paper describes the computer techniques developed to create a geographical data base 
integrating variables related to the loss of soil, which were obtained from Landsat images and 
existing maps. The purpose of this method was to develop a tool for rational planning of 
strategies against soil erosion and deforestation. 
Keywords: Satellites, remote sensing, surveying, mapping, computer techniques 
Résumé 
L'utilisation d'images Landsat et de bases d'information géographiques pour l'évaluation de 
l'érosion du sol et pour la planification de la boisement 
La planification d'actions visant à remédier des problèmes causés par l'érosion et le déboise-
ment exige une information accessible, solide et mise à jour concernant les conditions pédologi-
ques et forestières. Le Centre Scientifique Mexicain IBM a collaboré avec des agences du 
gouvernement de ce pays dans plusieurs projets d'utilisation d'images Landsat. Le but de ces 
projets était l'évaluation de la surface forestière actuelle et du taux de déboisement, ainsi que 
la classification et le calcul de surface de l'érosion. Les résultats de telles analyses ont été intégrés 
aux renseignements cartographiques relevés sur cartes topographiques, climatiques et géologi-
ques et aussi, dans certains cas, aux informations socio-économiques. Ce texte décrit les techni-
ques d'ordinateur ayant été créées pour établir une base informatique intégrant un certain nom-
bre de variables qui se réfèrent à la perte de sol et qui ont été obtenus à partir d'images Landsat 
et de cartes existantes. Le but de cette méthode était le développement d'un outil efficace pour 
la planification rationelle de stratégies devant mener à la solution effective de problèmes liés 
à l'érosion du sol et au déboisement. 
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Introduction 
Deforestation and soil erosion are a serious problem in Mexico, as elsewhere in the 
tropics. They reduce productivity of the land for agriculture. Loss of soil is difficult 
to reverse. They often result from cropping in hilly terrains, where the slope cannot 
sustain more than two or three years of cropping. 
The Mexican government has become aware of the problem and has initiated pro-
grammes to stop and to correct the problem. Accurate descriptions of forest and soil 
conditions are prerequisite. So during the last 20 years, the government of Mexico has 
taken on the task of obtaining a national forest inventory. Progress has been slow 
because of the country's vastness and the time-consuming technique of interpreting 
of aerial photographs. As a result, the inventory will be partly out of date by the time 
it is complete. During the late 1970s, tests on interpretation of satellite images taken 
by Landsat showed that the process could be speeded up. These tests also indicated 
the rapid loss of forest. For instance, in the State of Durango in the central part of 
the country, 40% of the total forest area was lost in only three years. This alarming 
finding impelled the government into immediate remedial action. The first action was 
to map existing forest and eroded areas with their degree of erosion from Landsat data. 
By comparing images taken at an interval of 2 or 3 years, the rate of loss of'soil could 
be assessed. 
At that time, the IBM Mexico Scientific Center was developing an image-processing 
system to analyse Landsat scenes, so a joint project was initiated between that center 
and the National Inventory Department of the Ministry of Agriculture to obtain these 
data. 
Procedure for classifying and interpreting Landsat images 
The Landsat series of earth satellites was initiated with ERTS-I (later renamed 
Landsat-I), launched in 1972. That satellite was followed by Landsat-II (1975), 
Landsat-III (1978) and Landsat-IV (1982). With those satellites, images can be made 
in several spectral wave bands. The raw data sent by the satellites to the earth are 
available in digital form on magnetic tape. For the study reported here, the data from 
two adjacent scenes corresponding to the Mexico City metropolitan area were loaded 
on a computer at the Scientific Center. The image-processing system developed to pro-
cess Landsat scenes was used to separate various classes of land-use and erosion. The 
image was displayed on a colour terminal where a certain area could be enlarged. For 
this particular area, an accurate definition of different classes could be made on the 
basis of information from a land map. The map had been elaborated by a project team 
who visited selected places in the study area and marked areas belonging to specific 
field classes on a map. In the colour monitor, the areas of these specific field classes 
had a uniform colour and could be used to 'train' the computer to identify those areas. 
The computer then uses the data from the digital tape to classify the complete project 
area of 30 000 km2 on a pixel-by-pixel basis. (Pixel is 'picture element', the minimum 
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area discernible with the Landsat scanner. In this set of data, it represents an area of 
57 by 79 metres). 
In the study, five degrees of erosion were classified: 
- erosion undetectable, forest or grass areas that may have a slight degree of erosion, 
but not detectable by the satellite scanner; 
- slight erosion, partial loss of surface soil; 
- moderate erosion, partial to moderate loss of surface soil; 
- serious erosion, complete loss of surface soil; 
- very serious erosion: Total loss of surface soil and partial loss of subsoil. 
In addition three other attributes were defined in order to have a better frame of 
reference: 
- water (clear and turbid), 
- urban or agricultural areas (irrigated and rain-fed). 
After several steps of redefining and reclassifying the image, a suitable map was ob-
tained. In the computer, this map is an array of numbers with each number represen-
ting a pixel; its particular value is associated with a certain field class. This arbitrary 
assignment can be visualized in several forms. In colour display, the colour assignment 
is arbitrary. For a hard copy of the map, there are several options: 
- computer print-outs of character maps, 
- scanner-plotter colour photographs, 
- scanner-plotter colour dye, 
- colour character maps. 
The original classification maps are very patchy ('salt and pepper' effect), but the com-
puter can convert them into the more conventional forms of homogeneous 
topographic maps with smoothing algorithms. 
If these maps were used only for evaluation of the erosion they would already by 
useful. However the availability of computer techniques, including algorithms, allow 
us to match images of different dates so as to obtain data on the changes in the extent 
of erosion or to overlap the erosion map with other topographic maps. For matching, 
additional topographic data have to be stored in the computer. 
Procedure to build up a geographic data base 
As indicated, the data about the extent and changes of forest areas and erosion 
become even more useful, if they can be integrated with other variables, e.g. 
topographic, climatic, geological or socio-economic data. This can be accomplished 
by utilizing existing cartographic information. The data from 'isoclass' maps (e.g. 
isotherms, isoclimate, contours) can be introduced into a computer by digitizing the 
lines that separate one class from the rest. In the present case, this process has been 
implemeted with a digitizing tablet, which transmits the (x, y) coordinates of suc-
cessive contour points to the computer. The contour is traced by a special cursor on 
top of the tablet and the subsequent composition of points is transformed into a 
binary image. This image contains a 'one' where there is a contour point and a 'zero' 
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elsewhere. A transformation algorithm 'fills' the image with a certain number (or col-
our) for each zone. It can then be recorded or mapped to match cartographically with 
the Landsat classification image. The resulting array of numbers can be considered 
as another classification image. 
Once the required maps are digitized, filled and recorded, they are kept in the com-
puter in separate files. The information on all the maps can be cross-referenced by us-
ing logic-function algorithms. Thus the following type of question can be answered 
by the computer: 'Give me the position and area in square kilometres of those zones 
between 1000 and 2000 m altitude, that have Climate Type C and have been classified 
as forest'. To answer this question the computer carries out a logic intersection between 
the three arrays of numbers, where for each pixel three values are registered. A pixel 
will be included in the answer if it meets all conditions set down in the query. 
The system has been developed with broader needs in mind. For instance, it can be 
used for finding areas with the best conditions for a certain crop. In erosion studies, 
the system has been used to produce a map of alternative land-uses. For an area with 
a certain degree of erosion the following data can be generated: slope, climate, soil type 
and current land-use. To choose an appropriate land-use, all of these data are relevant. 
The various options for land-use have also been programmed. These options range 
from terracing or changing crop types to an evaluation of the cost effectiveness of 
reforestation efforts. 
Conclusion 
The methods and tools described in this paper were found effective in preparing 
plans to cope with the problems of rapid soil degradation and the alarming loss of 
forest. In the future, computer techniques can and will provide an excellent means of 
analysing large areas at intervals. To do so by visual interpretation would be extremely 
time-consuming. The computer also allows matching of any number of maps (with 
computer storage capacity the only constraint) and interrogation of the system with 
complex queries. Thus, computer-assisted interpretation of satellite images and com-
bination of these data with additional geographic data bases forms a truly useful ap-
proach to planning and decision-making in forestation programmes. 
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A diagnostic approach to agroforestry design 
J.B. Raintree 
The International Council for Research in Agroforestry, Nairobi, Kenya 
Summary 
Agroforestry is an ancient system of land use but a new field of organized scientific activity. 
In both fragile and high potential environments, scientific agroforestry may have a role to play 
where human pressure on resources requires an efficient and diversified system of land use or 
where lack of infrastructure or an unfavourable political economy makes it imperative for risk 
reducing farmers to produce most of their basic needs directly from the land resources under 
their control. The contribution of agroforestry to the preservation and restoration of the forest 
estate stems from its ability to expand the human resource base of 'forest' production by in-
tegrating trees into farming systems and farmers into forests. Only by sharing out its production 
responsibilities and opportunities can forestry hope to enlist farmers as allies and, eventually, 
to win the war against deforestation. 
Although successful agroforestry systems can be mentioned, it is fair to say that technologies 
exemplifying the full promise of agroforestry have yet to be developed. A generation or more 
of research and development will be needed to fill the almost empty shelves of agroforestry's 
stock of proven technologies. If resources are not to be squandered on ad hoc, piecemeal 
research, a rapid and reliable means of identifying research priorities in agroforestry is needed. 
To meet this need ICRAF has developed a Diagnostic and Design (D&D) Methodology for 
agroforestry and is now ready to disseminate and test it on a wider scale. 
The D&D Methodology has been designed, technically and psychologically, to guide its users 
toward the practical goal of good agroforestry design in a reliable and time efficient manner. 
Good design is defined in terms of productive, sustainable and adoptable technologies for a 
given land use system. In seeking to provide a basis for a more meaningful relationship between 
component research and systems research, the D&D Methodology departs from standard land 
evaluation approaches by systematically considering the socioeconomic as well as biophysical 
dimensions of landuse systems and the central organizational role of human purpose. A brief 
introduction to the methodology is presented, including a discussion of the analytical 
framework and an outline of the basic procedural sequence. 
Keywords: Land use evaluation, farming systems analysis, rapid rural appraisal, research and 
development 
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Résumé 
Approche diagnostique pour dessiner des plans agroforestiers 
L'agroforesterie, système de cultivation très ancien, est aussi un terrain nouveau pour l'activité 
scientifique organisée. Sous forme scientifique, elle pourrait jouer un rôle à la fois dans des en-
vironnements fragiles et riches en ressources, où la pression humaine exige un système d'utilisa-
tion de la terre efficace et diversifiée. Elle se présente aussi, lorsque l'infrastructure ou 
l'économie politique sont déficientes, imposant ainsi aux paysans une réduction du risque en 
produisant la plupart de leurs premières nécessités sur des terres qu'ils contrôlent directement. 
La contribution de l'agroforesterie à la conservation et la restoration de l'état forestier est due 
à sa capacité d'expansion de la base humaine de ressources forestières. Elle intègre des arbres 
dans des systèmes agricoles ou encore des fermiers en forêt. Ce n'est qu'en partageant avec des 
paysans les responsabilités et les possibilités de production que la foresterie peut espérer gagner 
la lutte contre le déboisement, en ayant ces paysans comme alliés. 
Des systèmes agroforestiers ont été couronnés de succes par-ci, par-là. Cependant il faut dire 
que des technologies réalisant en plein la promesse agroforestière restent à développer. Une 
génération ou plus de recherche et de développement seront nécessaires pour remplir les 
bibliothèques presque vides encore sur l'ensemble de techniques chevronnées agroforestières. 
Pour ne pas gaspiller des moyens sur des recherches fragmentaires, il nous faut des moyens 
solides et rapides pour identifier les priorités en recherche agroforestière. Dans ce but, l'ICRAF 
a développé une Methodologie Diagnostique pour le Dessin (D&D) de plans agroforestiers. 
Celle-ci peut dès maintenant être diffusée et mise à l'épreuve à une échelle plus vaste. 
La 'Méthodologie D&D' a été conçue, techniquement et psychologiquement, pour mener 
l'utilisateur vers le but pratique d'un plan dessiné agroforestier selon des voies sûres et rapides. 
Un bon plan se définit en termes de techniques productrices, durables et adoptables au sein d'un 
système donné d'utilisation de la terre. Afin de mieux relier entre elles la recherche de com-
posantes et celle de systèmes, la Méthodologie D&D s'éloigne de l'approche habituelle de 
l'évaluation des terres. Elle considère systématiquement les dimensions socio-économiques au-
tant que les aspects biophysiques des systèmes d'utilisation de la terre, ainsi que le rôle 
organisateur central du vouloir humain. L'auteur présente une brève introduction à la 
méthodologie, y comprise une discussion sur le cadre analytique et une esquisse de la séquence 
en procédure fondamentale. 
Introduction 
Agroforestry is an ancient land use practice but a relatively new field of organized 
scientific activity. Recently arisen to fill the artificial but time-honored disciplinary no 
man's land between agriculture and forestry, scientific agroforestry is worthy of con-
sideration wherever human pressure on resources creates the need for an efficient, 
diversified and sustainable system of land use. 
The use of agroforestry in fragile or marginal environments has been rightly 
recognized as one of its most significant potentials (King, 1979; King & Chandler, 
1978; Lundgren & Nair, 1983). Traditional land use would also indicate a significant 
role for agroforestry even on productive, high potential lands. Indeed, we may look 
for and expect to find indigenous agroforestry systems wherever we find a history of 
population pressure and a long-standing need for efficient management of scarce 
resources (compare T.J. Peck, this volume). On both marginal and high potential 
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lands, diversified agroforestry systems may be especially appropriate wherever lack of 
rural infrastructure or an unfavourable political economy make it imperative for risk-
reducing farmers to produce most of their basic needs directly from the land resources 
under their control (Lundgren & Raintree, 1983). 
Agroforestry's potential contribution to the preservation of forests and to foresta-
tion stems from its relative freedom from the limiting constraints on conventional 
forestry practice. In its traditional role as guardian of public sector resources, conven-
tional forestry is inherently limited by perennially insufficient human resources. 
Plagued by lack of skilled manpower, lack of sufficient management and financial 
resources, and confronted with fierce competition for land from vastly superior 
numbers of land hungry farmers, forestry in the developing countries is by itself in-
capable of reversing the tide of deforestation and meeting the rising demand for forest 
products. Possible ways to overcome this situation are discussed by Spears in this 
volume. 
As one important approach to restore a more favourable balance between the forces 
of forest production and forest destruction it may be necessary to seek increased 
private sector involvement through promotion of forest policies and technologies 
which change the traditional relationship between foresters and farmers and enlist the 
latter as allies rather than adversaries in the production effort. Agroforestry can con-
tribute to this restructuring by developing technologies to integrate (1) trees into farm-
ing systems and (2) agricultural crops and livestock into forests. By providing farmers 
with the technical means to produce fuelwood, timber, building poles and other 
'forest' products on farmland - in ways which simultaneously enhance and sustain 
agricultural productivity while increasing the overall output of tree products - agro-
forestry can dramatically relieve the demand on forests and diminish the need for con-
version of forest land into farmland. Similarly, under conditions of increasing demand 
for food products, the integration of agricultural production into forest land through 
the development of 'compromise' agroforestry systems may, in some situations, be the 
only way to sustain forestry production on agriculturally pressured land. This can be 
done, not by adding agricultural production responsibilities to the already over-
burdened forestry staff, but by integrating farmers into forests on a equitable, 
sustained-interest basis (Somsak Sukwong, 1982; Corvanich, 1983). 
As bright as the promise of agroforestry might be, for preserving and restoring the 
forest estate as well as for developing more productive and sustainable farming 
systems, we cannot take its existence for granted. At this early 'awareness and en-
thusiasm' stage in the development of agroforestry it is all too easy to overlook the 
fact that most of the presumed benefits of agroforestry are still to be achieved through 
research to develop sound agroforestry technologies and not just ascribed to any 
technology which happens to fit the definition of agroforestry. All things considered, 
it is fair to say that technologies exemplifying the full promise of agroforestry have 
yet to be developed. If this potential is to be developed, a great deal of research will 
be needed. 
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The need for a methodology to identify research priorities in agroforestry 
Time, nevertheless, is short and the demand for sound agroforestry technologies is 
urgent. If agroforestry is to rise to the challenge and meet at least some part of the 
world's expectations, it will have to forego the somewhat leisurely academic attitude 
to research which has characterized the development of other applied management 
sciences. The timely and successful development of agroforestry will depend primarily 
on achieving a sufficiently coherent and meaningful relationship between component 
research and systems research within the new field of interdisciplinary activity. 
Given the urgency of finding solutions to accelerating crises of land use and rural 
development, the exceptionally wide scope of relevant agroforestry potentials, the 
presently undeveloped state of the technology art in agroforestry, and the mounting 
impetous for the launching of agroforestry research worldwide, there is an urgent need 
for a rapid and reliable means of identifying research priorities in agroforestry if the 
resources of the burgeoning field are not to be squandered on ad hoc, piecemeal 
research projects with no clear relationship to the problems and potentials of failing 
land use systems (Steppler, 1981; Lundgren & Raintree, 1983). 
Over the past decade the planning of agricultural research at international and na-
tional research centres has been undergoing a revolutionary overhaul made possible 
by the development of Farming Systems Research (FSR) methodologies (Collinson, 
1981; Zandstra et al., 1981; Hildebrand, 1981; Chambers, 1981; Shaner et al., 1982). By 
deriving research priorities from a diagnosis of problems and potentials in existing far-
ming systems, and by the use of on-farm research methods to assist in the development 
of optimum technologies, FSR has done much to augment the effectiveness of tradi-
tional component-oriented research and development programmes. 
Agroforestry, as a newly developing field, is in a unique position to benefit from the 
lessons of recent history and build this kind of approach into the very foundations of 
its evolving research tradition. Nevertheless, while agroforestry may benefit from and 
participate in the development of farming systems research methodologies, there are 
important difference in the nature of the two overlapping but distinct kinds of research 
which should not be glossed over and which ultimately signal the need in agroforestry 
for a methodology of its own. 
In the first place, the variety and complexity of potential agroforestry systems, the 
long time horizon for systems involving trees, and the greater weight given to 
conservation-oriented interventions, all require a specially adapted and broader ap-
proach to the diagnosis of relevant problems and potentials. Also, and perhaps more 
fundamentally, there is a far greater need in agroforestry for a more systematic, 
elaborate and open-ended technology design exercise as a follow-up to the diagnosis. 
In farming systems research, more often than not the purpose of the diagnosis is to 
identify relevant applications for selections from a full stock of developed or semi-
developed technologies (e.g. improved germplasm or well understood principles of im-
proved agronomic practice); while, in agroforestry there is little scope at present for 
'off the shelf solutions. Our shelves, in fact, are practically empty, at least of scien-
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tifically understood and validated technologies. 
Whereas, at the 'design stage' in FSR methodologies the technology design problem 
is often fairly trivial and the concern devolves quickly to questions of experimental 
design, at this stage in agroforestry we are fundamentally concerned with problems 
of technology design. 
In a FSR project involving on-farm research on economic rates and timing of fer-
tilizer or pesticide applications under a given set of farm conditions, the introduction 
of a drought escaping crop variety, or the modification of an agronomic practice to 
remove a labour bottleneck in the cropping calendar, it is hardly necessary to try to 
visualize what the improved land use system would look like. In agroforestry, by con-
trast, the newness of the field as well as the inherent variety and complexity of poten-
tial agroforestry interventions makes it imperative to first visualize the nature of the 
improved system, develop functional design concepts for system-improving interven-
tions, work out the specifications for the relevant agroforestry technologies and assess 
whether or not such technologies exist or still need to be developed before one can con-
sider what research is needed to develop or adapt the identified technologies and only 
then come to the question of experimental design. 
Experimental designs and methodologies of field research appropriate to 
agroforestry are high on the agenda of ICRAF's methodology assessment and 
development efforts and a start has been made in several important areas (Huxley, 
1979, 1982; Huxley et al., 1983). ICRAF is also in the process of developing a 
Diagnostic and Design (D&D) methodology for agroforestry. After testing the 
methodology in some 20 sites around the world over the past two years, a set of draft 
documents have been produced (ICRAF, 1983 b, c) for review and further testing by 
a wider sample of interested users, before revision and publication at the end of 1984. 
A parallel series of Case Studies in Agroforestry Diagnosis and Design has been in-
itiated (Raintree, 1983 a), and a computerized databank is being established at ICRAF 
headquarters in Nairobi to keep track of D&D results from around the world and to 
serve as a basis for systematic analysis of agroforestry-related land use constraints and 
potentials. In this way we hope to assist the development of agroforestry in the same 
way that case studies have assisted in the development of medical science. 
A diagnostic approach to agroforestry design 
The practical aim of ICRAF's Diagnostic and Design Methodology is to assist 
agroforestry workers to arrive at good agroforestry designs, as a basis for the iden-
tification of research needs and formulation of agroforestry research and development 
projects. A problem-oriented, diagnostic approach is felt to be the most direct and 
logical route to the goal of good design (Table 1). 
The standard for a diagnostic approach to the treatment of problems has been set 
historically by the medical profession, although the basic logic of diagnosis is no 
doubt universally applicable. It is a cardinal rule of medical practice that diagnosis 
should precede treatment. In practice, of course, there are exceptions to this rule, but 
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Table 1. Basic relationships in the identification and generation of appropriate land manage-
ment. 
(a) A given technology as the interface between two environments, its 'inner environment' or 
workings which are the means by which it achieves its purpose and the 'outer environment' or 
system in which it operates and which defines that purpose (after Simon, 1981). 
outer environment 
(land use system) 
ends ->• technology -«- means 
inner environment 
(materials and techniques) 
(b) The central role of technology design activities and the complementarity between systems 
research and component research. 
what is . . . . what is 
systems research 
needed? 
technology design possible? component research 
(c) Respective contributions at different stages in the R&D process. 
Planning stage 
- diagnosis of system problems 
and potentials 
- specification of technology 
needs 
- trial and evaluation of the ap-
propriateness of new and existing 
technology 
synthesis 
Implementation stage 
resynthesis 
- appraisal of existing 
technology 
- feasibility of new technology to 
meet identified needs 
- component screening 
- interaction and management 
studies 
- data synthesis and establish-
ment of 'design curves' 
it would be unthinkable that the medical profession could ever simply dispense with 
the diagnostic process and prescribe treatments without due regard to the specific 
nature of the patient's illness. This same standard applies no less to the treatment of 
problems arising from man's use of the earth. Hence, the patient in D&D perspective 
is the existing land use system, and the aim of diagnosis is to define the problems and 
derive design specifications for appropriate problem-solving treatments. 
The ultimate success of the D&D Methodology should be judged, not by the 
number and quality of academic publications which may result, but by its impact on 
the landscape, i.e. how effective it has been in guiding research toward the development 
of agroforestry technologies which result in measurable improvements in the produc-
tivity and sustainability of existing land use systems. 
The criteria of good agroforestry design are threefold: productivity, sustainability, 
and adoptability. The first two are virtually axiomatic in agroforestry, where conserva-
tion objectives are on a nearly equal footing with production objectives. However, 
since traditional farmers (the main de facto clients of the D&D Methodology) are 
257 
notoriously less concerned about conservation than production, the concept of sus-
tainability is invoked as a way of operationalizing the conservation objective in terms 
of the production objective. The emphasis on adoptability as the third criterion of 
good agroforestry design arises, in the context of an impact-maximizing strategy, from 
the practical observation that no technology, no matter how efficient or elegant it may 
be, will have an appreciable impact on the landscape unless it is adopted by a signifi-
cant percentage of the intended users. Nutritionists refer to an analogous fact of life 
when they note that the nutritional value of any food that is not eaten is zero, 
regardless of its chemical composition (Raintree, 1983 b). 
ICRAF's D&D methodology has been designed, technically and psychologically to 
lead its users (researchers, planners, development fieldworkers, technical represen-
tatives of donor agencies, etc.) toward good agroforestry designs in an effective and 
time-efficient manner. Recognizing the need for a quick turnaround on D&D activities 
in order to have a timely influence on project planning activities, the procedures have 
been developed within the framework of a rapid appraisal methodology (Chambers, 
1981), although a lengthier application of the procedures could be employed in cases 
where time and resources are not limiting factors in project formulation. Normally, 
about two weeks are required for a rapid appraisal application of the methodology by 
a qualified interdisciplinary team, although it may be necessary to plan for an addi-
tional period of follow-up activity by a smaller working group to refine the initial D&D 
results and develop a full project implementation plan. 
The personnel and logistical requirements for application of the D&D procedures 
are variable, depending on the purposes and resources of the user. Ideally, to maximize 
the completeness and reliability of D&D results at this early stage in the scientific 
development of agroforestry when there is a marked scarcity of trained agroforestry 
specialists, a high level multidisciplinary team should be recruited to carry out the 
D&D exercise. When a technology generating research project is to be formulated on 
the basis of the D&D outcome, every effort should be made to involve the eventual 
technology developers directly in the process as members of the D&D field team in 
order to maximize understanding and use of the results by the most directly relevant 
recipients. 
Most national research institutions will not possess a standing D&D survey team of 
the required multidisciplinary composition, and in any case the composition will vary 
from site to site in accordance with the types of problems and potentials to be en-
countered. This is not realy a constraint on the use of the methodology, since in 
previous applications it has been found possible to achieve good results from an ad 
hoc multidisciplinary team of experts assembled for the purpose on a temporary basis. 
Since the required expertise for dealing with the complex and varied problems of 
whole land use systems may not always be found within a single institution, ar-
rangements for inter-institutional cooperations (e.g. between agriculture, forestry and 
livestock ministries or departments) may need to be made. Also, since land use systems 
have both biophysical and socioeconomic dimensions, provisions for inclusion of rele-
vant social science and economics experts should never be overlooked. 
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Although, the multidisciplinary team approach would in most cases represent the 
best bet for reliable D&D applications at present, it may not always be possible to field 
such a team. This does not preclude the use of the D&D methodology by users lacking 
the resources to put such a team into the field. The requisite degree of interdisciplinary 
synthesis may be achieved as a result of communication between members of a 
multidisciplinary team or by interdisciplinary thinking in the mind of a single, high-
qualified individual. Good design is where you find it. Experience has shown that 
there is scope for considerable success in single-person D&D applications, providing 
that the individual is broadly trained and conversant with the relevant disciplinary 
perspectives and that there is opportunity for consultation with appropriate 
disciplinary experts in the course of the exercise. 
Analytical framework and specific procedures 
In the foregoing discussion we have touched upon the why, the what and the who 
of the D&D Methodology. It remains now to explain the how of the methodology. 
In diagnosing land use systems to identify potential intervention points for 
agroforestry technologies, we are basically concerned to discover whether o/ not there 
is a niche for agroforestry within the system. An agroforestry niche in this sense con-
sists of two essential components: a functional role for agroforestry within the system 
and a place in the landscape. Agroforestry is not, by any means, the solution to every 
land use problem, and the methodology is designed so as to uncover non-agroforestry 
potentials as well. There is far too much real work to be done in agroforestry to justify 
the misuse of scarce resources in trying to force agroforestry into systems where it has 
no clear and significant role to play. Nevertheless, the D&D Methodology has been 
specifically designed to serve the special needs of agroforestry and to insure maximal 
chances of uncovering all significant agroforestry potentials (in this it differs substan-
tially from existing farming systems methodologies). To ensure adequate diagnostic 
coverage of complex, multifaceted land use systems, D&D attention is focused at two 
levels of systems analysis: 
- The unit management or farm level where the major land use decisions are made. 
- The ecosystem or local community level where significant problems and potentials 
for agroforestry may also exist which may not be amenable to a farm level approach. 
Special techniques are provided in the detailed D&D guidelines (ICRAF, 1983 c) for 
dealing with forestry and watershed management applications. 
To evaluate possible functional roles for agroforestry the D&D Methodology 
focuses attention on identifying problems with respect to the performance of output 
subsystems within the management unit (or components of the human ecosystem), 
analyzing constraints, causal factors and syndromes which limit the performance of 
the subsystems (or ecosystem components), and identifying latent potentials for 
constraint-removing technological interventions or improvements in the use of 
available resources. The analysis of constraints and potentials is at the heart of the 
D&D Methodology and proceeds by a kind of 'trouble-shooting' analysis to uncover 
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the etiology of significant land use problems. In applying these concepts it is impor-
tant to distinguish between two different types or orders of constraints and potentials: 
- those pertaining to the performance of the existing land use system, and 
- those pertaining to the appropriateness of candidate technologies. 
To be a practical and effective tool, systems analysis of any kind must avoid the pit-
fall of indulgence in unnecessarily long and involved analyses of minor or irrelevant 
complexities. As in farming systems research (Banta, personal communication) the 
D&D methodology distinguishes between information which is 'essential', 'useful', 
and 'nice'. To streamline the D&D process and effect a rapid entry into the 
diagnostically important aspects of the target land use system, following a rapid recon-
naissance survey of the wider ecosystem, the focus of the D&D exercise shifts to a 
survey and trouble-shooting analysis of production subsystems in representative 
management units (usually farms), before returning to the ecosystem level to assess 
the wider impacts of farm level and environmental processes. This is accomplished at 
both levels by what we call the 'basic needs approach'. 
Since the 'basic needs' terminology has been used differently in other contexts, it 
is important to clarify that the focus here is on needs which are basic in type, not 
necessarily in the level of satisfaction. The use of basic needs categories is a focusing 
tactic to direct efficient D&D attention to the assessment of a wide range of potential 
land use problems, and does not in any way imply a ceiling on development aspira-
tions. The need categories which we consider basic in this sense are: 
- food; 
- water; 
- energy; 
- shelter, including shade, building materials, fencing, etc.; 
- raw materials for cottage and local processing industries; 
- cash for normal day to day expenses; 
- savings/investment for unusual expenses or higher development aspirations; 
- social production to meet a variety of 'social expenses' such as ceremonial obser-
vances, political contributions, educational expenses, etc. which are not easily 
classified under the other headings. 
These needs and some of the corresponding agroforestry potentials have been 
discussed elsewhere (ICRAF, 1983 c). Suffice it here to say that we have found this ap-
proach to provide a quick and reliable means of pinpointing the major shortcomings 
of land use systems and, together with the subsequent trouble-shooting analysis, of 
identifying socially relevant and adoptable technologies and research priorities. The 
approach is particularly useful in dealing with multipurpose household production 
systems which attempt to satisfy household needs directly from production activities 
under the control of the household management unit, but it also finds application in 
more specialized commercial systems in which a quick run through the basic needs 
assessment usually directs the trouble-shooting analysis toward a focus on problems 
mainly in the cash and savings/investment subsystems. 
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The logical sequence of steps 
The procedural sequence involved in applying the D&D Methodology is presented 
in the following outline. Examples of some of the more important methodological 
tools like technology evaluation scoresheet, causal diagrams and economic evaluation 
are illustrated in Table 2 and Figures 1 and 2. And examples of some of the specific 
outputs of the D&D process in the form of a summary of D&D indications and 
specific design concepts are provided in Table 3 and Figures 3 and 4. For more infor-
mation the reader is referred to Guidelines for Agroforestry Diagnosis and Design 
(ICRAF, 1983b) and Resources for Agroforestry Diagnosis and Design (ICRAF, 
1983c). 
Prediagnostic stage 
Step 1. Environmental description of the study area 
Output: A descriptive understanding of the diagnostically relevant characteristics and organiza-
tion of the selected environment. 
Sources of information: Mainly existing documentation on the study area, supplemented by 
limited field survey and interviews with qualified informants. 
Factors to consider: 
- biophysical parameters, 
- socioeconomic parameters, 
- structure and function of the human ecosystem of the area. 
Useful tools: Environmental data sheets and analytical methods (ICRAF, 1983 b, e). 
Step 2. Differentiation of land use systems within the study area 
Output: Identification of distinctive land use systems requiring separate D&D treatment; selec-
tion of priority system(s) for D&D attention. 
Sources of information: As above. 
Factors to consider: 
- land units (possessing a similar set of biophysical characteristics), 
- management units (with similar production objectives and resources), 
- land use systems (distinctive combinations of land units and management units). 
Useful tools: Worksheet (ICRAF, 1983 b, c). 
Step 3. Preliminary description of the selected land use system(s) 
Output: A preliminary characterization of the objectives and'the internal organization of the 
land use system(s) (for reference use by the D&D team at the Diagnostic Stage). 
Sources of information: As above. 
Factors to consider: 
- structure and function of supply subsystems at the management unit level, 
- additional descriptive information on production activities (agricultural, forestry, 
livestock and agroforestry practices; water management). 
Useful tools: ICRAF (1983 b, c). 
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poor and 
unreliable 
crops 
insufficient 
rainfall 
low available 
moisture 
weed 
competition 
low available 
nutrients 
insect 
damage 
poorly 
distributed 
rainfall 
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high runoff losses 
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fertility 
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levels 
alley cropping 
with mulch trees 
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Fig. 1. Causal diagram illustrating potential role of alley cropping in farming systems of the 
semi-aricl zone. causal influence; intervention. Potential interventions: 1, improv-
ed infiltration & reduced runoff; 2, weed control with reduced labour; 3, reduced splash and 
runoff erosion; 4, increased organic matter; 5, N-fixation and nutrient pump action of deep 
penetrating roots; 6, use of insect-repellent mulch species, e.g. Azadirachta indica or Denis in-
dice (Raintree, 1982). 
living erosion control bunds (ECB) 
alley cropping between ECBs 
z.,yt ^_ ^ W ~X 
Fig. 3. General design concept for a hillside alley cropping system (Raintree, 1983). 
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Fig. 2. Ex ante economic evaluation of an experimental alley cropping system proposed for 
research to improve a semi-arid zone mixed farming system in Kenya. Print-out of net present 
value comparison of alley cropping (model 2) and the traditional maize-beans cropping system 
(model 1) from the MULBUD microcomputer program developed by Etherington & Mathews 
(1982) for economic analysis of agroforestry systems (after Hoekstra, 1983). 
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Table 3. Summary of farm level diagnostic and design indications for a typical farm (3.5 ha) 
at the Kathama research site in Kenya. 
System description 
- Climate: semi arid-humid 
- Soils: sandy loams over sandy clay loam to sandy clay; imperfectly drained in places 
- Farming system: mixed cropping 
- Crops: maize, beans, pigeon peas, cowpeas 
- Livestock: zebu cattle, goats and sheep 
- Economy: subsistence farming 
- Population density: 172/km2 
- Growth rate: 3.4% 
Land use system diagnosis 
Household supply problems 
- Food: Seasonal staple food shortages normal, must purchase; drought related crop failure 
on avg. of once in every five years; low milk and meat production due to dry season feed shortage 
for livestock 
- Fuel: insufficient production from own land, must purchase fuelwood for household and 
cottage industry uses; lack of large trees for brick burning 
- Shelter: lack of construction quality timber and poles, must purchase; lack of large trees for 
brick burning; lack of fencing and shade trees 
- Raw materials for household industry: must purchase fuelwood for brick making 
- Cash: low net household income due in part to cash out flow for staple foods, fuelwood, 
and construction wood; savings and earning potential of livestock enterprise limited by dry 
season feed shortage 
Conservation problems 
- Erosion 
- Declining soil fertility 
- Degradation of grazing land 
- Vegetation 
Production constraints 
Crop land 
- Low fertility and declining yields 
- Lack of manure 
- Low available moisture 
- Oxen too weak for dry season ploughing/planting; hence inefficient use of limited soil mois-
ture 
- Soil erosion and water loss due to heavy runoff 
- Waterlogging on low spots 
- Labour bottleneck at ploughing and weeding time 
- Insect pests 
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Table 3. Continued. 
Grazing land 
- Small grazing area 
- Insufficient dry season feed production 
- Insufficient production of fuelwood 
Design constraints 
- Low capital 
- Low available labour 
- Long dry season, frequent droughts 
- Termites and other pests 
Agroforestry potentials 
- Elimination of dry season feed gap by planting of multipurpose fodder trees in grazing areas 
and as hedgerow in cropland with concomitant erosion control effects and fuelwood and mulch 
coproduction possibilities; improved feed situation should allow dry season ploughing/planting 
- Cut-and-carry fodder trees for increased pen feeding and usable manure production 
- Alley cropping/mulch farming with leguminous and other trees to control erosion, increase 
water infiltration, conserve soil moisture, improve soil fertility and structure, reduce the need 
for tillage and lessen the labour requirement for weeding, insect repellence 
- Hedgerows and living fences of high-yielding fuelwood species and fruit producing thorn 
bushes (as a hedge against famine in bad years, for supplementary livestock feed in average 
years) 
- Multistorey fruit trees with undersown grass-legume pasture 
Diagnostic stage 
Step 4. Diagnostic survey 
Output: Information necessary for a diagnosis of land use problems and potentials (both 
agroforestry and non-agroforestry) at the management unit (farm) and ecosystem level. 
Sources of information: Area reconnaissance and diagnostic surveys of representative manage-
ment units (the latter is based on a 'trouble-shooting' procedure for identification of the 
causes of problems within the supply subsystems). 
Factors to consider: 
- problems and potentials at the ecosystem level, 
- problems and potentials at the management unit level (supply problems, causal factors in-
volved in the creation of supply problems, present constraints and problem-causing syn-
dromes, future sustainability problems), 
- farmers' strategies for coping with identified problems. 
Useful tools: Sample diagnostic survey form and interview guidelines (ICRAF, 1983 b, c). 
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Fig. 4. Hedgerow detail of a design for an experimental alley cropping system proposed for a 
research project in the Philippines (ICRAF, 1983a). 
Step 5. Diagnostic analysis 
Output: A diagnosis of major land use problems and potentials. 
Sources of information: Findings of the diagnostic survey; information provided by all pro-
ceeding steps. 
Factors to consider: 
- present problems and potentials at the ecosystem level, 
- present problems and potentials at the management unit level, 
- sustainability problems. 
Useful tools: Causal and functional diagramming (ICRAF, 1983 b, c), e.g. Figure 1. 
Step 6. Derivation of specifications f or appropriate technology 
Output: A reasonably complete set of design specifications for problem-solving and potential-
realizing technologies appropriate to the needs and potentials of the diagnosed land use 
system. 
Sources of information: All preceeding steps. 
Factors to consider: 
- general development strategy for the system, 
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- functional potentials for problem-solving interventions, 
- potentials for improving resource utilization, 
- possible constraints on candidate technologies. 
Useful tools: ICRAF (1983 b, c). 
Technology design stage 
Step 7. Technology appraisal 
Output: A relevant set of candidate technologies with potential for inclusion in a design for an 
improved land use system. 
Sources of information: Review of the body of technical knowledge. 
Factors to consider: Main criteria are given in the design specifications (output of Step 6); state 
of the art with respect to the various candidate technologies (both agroforestry and 
non-agro forestry). 
Useful tools: ICRAF (1983 b, c) and Table 2. 
Step 8. Technology design 
Output: General design for an improved land use system and specific designs for cpmponent 
technologies (see for example Figures 2 and 3). 
Sources of information: Creative synthesis of relevant information from all preceeding steps; 
supplementary design information from additional sources, as needed. 
Factors to consider: 
- design specification (Step 6), 
- candidate technologies (Step 7), 
- function and location of components within the system, component species, number of 
components, spatial arrangement and management of component combinations, 
- overall productivity, sustainability and adoptability of the design. 
Useful tools: ICRAF (1983 b, c). 
Step 9. Design evaluation 
Output: Ex ante evaluation of the design; improvements in the design suggested by the evalua-
tion process. 
Sources of information: Relevant information from all preceeding steps; farmers' preliminary 
evaluation of the design proposal; the D&D team's own experience and judgment. 
Factors to consider: 
- productivity, 
- sustainability, 
- adoptability. 
Useful tools: Various evaluation guidelines and techniques suggested in ICRAF (1983 b, c), e.g. 
see Figure 2. 
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Follow-up planning stage 
Step 10. Topics requiring further D&D attention 
Output: Identification of topics needing further diagnostic survey or design thinking, par-
ticularly in rapid appraisal applications where time constraints may have left gaps in the D&D 
outcome; suggested procedures for collection and processing of additional information re-
quired to deepen the diagnosis and/or refine the design. 
Sources of information: Team review and assessment of D&D results. 
Factors to consider: 
- requirements for additional diagnostic information and analysis, 
- requirements for more complete information on candidate technologies needed to refine 
the initial design, 
- requirements for in-depth economic, ecological and social evaluation of the proposed 
design. 
Useful tools: ICRAF (1983 b, c). 
Step 11, Research needs 
Output: Identification of the type of research needed to develop and test the component 
technologies and overall land use system design. 
Sources of information: Team review and assessment of the following factors. 
Factors to consider: 
- state of the technology art and the suitability of different classes of technology (notional, 
preliminary, validated) for different types of research (on-station, on-farm), 
- whether the envisaged follow-up to the D&D exercise is essentially research-oriented or 
development/dissemination-oriented, 
- farmers' and research/extension officers' attitudes toward on-farm experimentation, 
- riskiness of the proposed technologies, 
- need for candidate technologies to be exposed to a wider or more realistic set of en-
vironmental and farming system conditions (than would be available on research stations). 
Useful tools: See state of the art evaluation guidelines in ICRAF (1983 b, c). 
Step 12. Project implementation plan 
Output: Guidelines for implementation of follow-up project activities, at different levels of 
detail appropriate to different stages in the project formulation process: (1) a general outline 
of major project activities (research and/or dissemination), suggested by the D&D team; (2) 
a more detailed project proposal suitable for submission to potential donors, prepared by a 
small post-D&D working group; (3) detailed project implementation plan, prepared by the 
project implementation team; (4) revised working plans prepared by the implementation team 
from time to time, reflecting modifications in technology and/or project design suggested by 
experience in the field. 
Sources of information: Results of previous D&D steps (1); post-D&D follow-up activities (2 
and 3); the iterative D&D process as part of the project's internal guidance system (4). 
Factors to be considered: 
- topics needing further D&D attention during the course of the project (output of Step 
10), 
- research needs (output of Step 11), 
- feedback from farm trials (including farmer's evaluation and suggestions) and on-station 
experimental work in the course of the project (suggesting modifications and refinements in 
the technologies and the plan of work). 
Useful tools: The D&D process used as an iterative feedback mechanism throughout the course 
of project implementation. 
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D&D as an iterative process which cantinues throughout the life of the project 
Diagnosis-and-design is an iterative activity which, ideally, should be continued 
throughout the life of an R&D project (Research & Development project) as the means 
by which project implementers progressively refine the candidate technologies and 
zero in on an optimized land use system for the recommendation domain (Fig. 5). As 
such, it is a crucial element of the internal guidance system of the project. Figure 6 
is a schematic representation of the key features of the D&D process, showing the feed-
back linkages which enable it to fulfill this role. 
In the implementation stage of R&D projects, when the various components of the 
overall project (on-farm, on-station research) are in full operation, the on-farm 
research component will provide feedback on both the diagnosis (through long term 
informal exposure to farm conditions and problems as well as more formal monitoring 
activities) and the design (through refinements suggested by farmers or by the im-
plementation team as a consequence of the deepening of the diagnosis and the testing 
of prototype technologies on farms). The on-station research component will provide 
feedback primarily on the design (through research oriented toward the study of 
system components, interactions between components, and the development of 
'design curves' enabling optimization of particular aspects of the technology). 
Even at the dissemination stage, the expansion to wider environments may well sug-
gest diagnostic and design refinements arising from adaptive research activities. This 
type of feedback is also valuable and should not be ignored; hence, the feedback 
linkages from dissemination to the continuing D&D process. 
To take advantage of the full potential of the iterative D&D process, the requisite 
feedback mechanisms must be built into the project implementation plan. This means, 
primarily, three things: 
1. Insuring adequate communication between on-farm researchers and farmers. 
2. Insuring adequate communication between on-farm researchers, on-station 
researchers, and extension staff responsible for dissemination. 
3. Scheduling of project review exercises with sufficient time and support to identify 
and discuss needed refinements in both the diagnosis and the design and to plan fur-
pre-project D&D mid-project D&D pre-extension D&D 
observation trial observation 
design diagnosis design diagnosis design diagnosis design diagnosis 
assess 
extrapolability 
Fig. 5. Uses of the diagnosis and design (D&D) process at different stages in the project cycle. 
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Fig. 6. Diagnosis and design is an iterative process which continues throughout the life of a 
project as part of its internal guidance system. Note feedback linkages. 
ther research activities in accordance with this revised perception of progress toward 
the ultimate project goal of an effective and adoptable set of improvements for the 
land use system. 
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Why do forest plantations fail? 
J.K. Jackson 
Forestry Consultant, Middlesex, United Kingdom 
Summary 
Official figures show that the rate of establishment of forestry plantations is falling far behind 
th rate of destruction of natural forest; this situation is even more serious when it is realized 
that figures for plantations often include considerable areas where the plantations have failed 
or are poorly stocked. Lack of technical knowledge is not usually the main cause of failure, but 
it is important that where such knowledge is insufficient large-scale plantations should be 
preceded by suitably located trial plots. Failure is more usually caused through not applying 
known techniques, due to lack of planning, inadequate supervision, and insufficiency or un-
timely allocation of funds. Some of these factors, particularly allocation of funds, are outside 
the control of the forester establishing plantations in the field, and it is important that financial 
authorities should ensure funds, not only for planting trees but for weeding and maintaining 
them until they are established. Much more attention needs to be paid to the quality of planta-
tions, rather than to gross areas planted. 
Keywords: Silvicultural planning, planting methods, protection of forests, forest management 
organization 
Résumé 
Pourquoi les plantations forestières échouent-elles? 
Des chiffres officiels montrent que le rhytme d'établissement de plantations forestières cède 
le pas beaucoup par rapport au rhytme de destruction des forets naturelles. Cette situation est 
encore plus grave quand on considère le fait que les chiffres censés représentent souvent des sur-
faces considérables où les plantations n'ont pas pris ou sont insuffisamment stockées. Générale-
ment, ce n'est pas l'absence de connaissances techniques qui est la cause principale de l'échec. 
Mais lorsque c'est le cas, les plantations à grande échelle devraient être précédées par des 
parcelles d'essai dans des sites appropriés. Plus couramment, les échecs sont dus à un manque 
d'application de techniques connues, à cause d'une planification insuffisante, une supervision 
inadéquate ou encore une allocation de fonds insuffisante ou inopportune. Quelques-uns de ces 
facteurs, particulièrement l'allocation de fonds, ne peuvent être contrôlés par le forestier de ter-
rain. Il est donc important que les autorités financières garantissent des fonds, non seulement 
pour planter des arbres, mais aussi le désherbage et pour soigner les arbres jusqu'à ce qu'ils aient 
bien pris. Il faudra prêter beaucoup plus d'attention à la qualité des plantations, plutôt que de 
considérer seulement la supervicie brut des plantations. 
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Introduction 
Figures produced by FAO/UNEP show that each year about 11.3 million hectares 
of natural forest are being destroyed each year in the tropics, while only 1.1 million 
hectares are being planted to replace them (Lanly, 1982). This is in itself serious, but 
the position is considerably worse than the figures show, for the replanted area is based 
on official figures of areas planted, and in general takes no account of failed or badly 
stocked plantations. Indeed it is not rare that, when failed or poor plantations are 
replanted, the areas replanted are added to the total area of plantations, thus even fur-
ther exaggerating the area of plantations. This state of affairs is by no means universal 
in the tropics, but it is sufficiently widespread to cause considerable concern. 
Not only does plantation failure reduce the already very inadequate ratio of new 
forests planted to old forests destroyed, but it wastes money, so that forecasts of the 
profitability of plantations are falsified; it makes governments and other sources of 
finance reluctant to invest in forest plantations; and it disillusions the local popula-
tion, who see money and land which might have been used for other purposes wasted. 
Thus it is very important to reduce the percentage of failed plantations to the 
unavoidable minimum, to investigate reasons for failure thoroughly, and to take all 
practicable steps to prevent failures in the future. 
The writer has been requested to concentrate on technical reasons for plantation 
failure, but lack of technical knowledge is rarely the main reason for this. Enough ex-
perience has now been gained in plantation techniques in the tropics to enable planta-
tions to be established successfully under most conditions likely to be met (e.g. FAO, 
1974; FAO, 1978; Chapman & Allan, 1978; Evans, 1982). Where such techniques are 
unknown a programme of research and field trials should precede any large scale plan-
tation scheme. Foresters in charge of plantation establishment should be familar with 
these techniques; if they are not, there is something wrong with the training they have 
been given. 
Failures in plantations are much often due to failure to apply techniques which are 
already known, and in turn this failure is very often due not to inefficiency in the field 
by the plantation forester, but to constraints and administrative shortcomings at a 
higher level. These constraints will be discussed in the last part of the paper. 
Technical reasons for plantation failure 
Unavoidable failures 
Most failures are avoidable, but it occasionally happens that plantations fail for 
reasons which could not have been reasonably foreseen. One of these is very abnormal 
weather, such as rainfall which is very much below average, or very badly distributed. 
Rainfall is variable from year to year, and techniques used and species planted 
should be suitable not only for good and average years, but also for those moderately 
below average. But perhaps one in ten or one in twenty years will be exceptionally 
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severe; this is a risk which must be taken. 
In marginal areas, such as the drier parts of the Sahel zone discussed by Taylor & 
Soumaré in this volume, bad years will be more frequent, and if plantations are at-
tempted some failures are to be expected. Estimated costs of plantations should allow 
for say one in four or one in five years when failure may be expected. 
Another unavoidable reason for plantation failure would be the occurrence of an 
unexpected pest or disease, not revealed in trial plots or other plantation areas. This 
could happen, but such occurrences are rare. 
Use of unsuitable species and provenances, or inappropriate techniques 
Plantations may be unsatisfactory because the species or provenance used is un-
suitable to the climatic and soil conditions of the locality, or because inappropriate 
techniques have been used, such as using bare-root instead of container-raised plants, 
failure to treat against termites, or failure to add necessary soil nutrients. 
Such failures can be avoided by trials on relatively small plots before large-scale 
plantations are established. It is important that such plots should be representative of 
the area to be planted; they should preferably be within the proposed plantation area, 
and should cover all the main soil types to be planted within the area. It has often hap-
pened that good growth has been obtained on a trial plot, but on a larger plantation 
growth has been much poorer. This is generally due to the soil on the trial plot not 
being typical of the rest of the area, or of a large part of it. A simple soil survey of 
the plantation' area, based mainly on soil depth and soil texture, will be sufficient to 
distinguish the main soil types. Such a survey should be within the capacity of the or-
dinary forester to undertake, after a little training. 
Mention has been made of provenances. Many widely planted species consist of a 
number of provenances which differ considerably in their adaptability to different 
soils and climates. Trials of Eucalyptus camaldulensis on a difficult site in Kano State 
in Nigeria gave survivals after three years ranging from 81% for the best provenance 
to zero for the worst (Jackson & Ojo, 1973). Similar, though not quite as extreme, 
results, have been obtained from Pinus caribaea and P.kesiya (Gibson et al., 1983). 
Thus in widely-ranging species with different provenances choice of the right pro-
venance may be as important as the choice of species. 
The appropriate techniques to be used in the plantations, such as the best type of 
planting stock, and the use of fertilizers, should also be discovered from trial plots 
before large scale plantations are undertaken. 
Failure to apply known techniques 
This is the commonest cause of plantation failure. Nursery and plantation opera-
tions may be begun too late, or be carried out inefficiently; weeding may be neglected; 
and plants which have died may not be replaced. 
Correct timing is very important in plantation work, especially in those parts of the 
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tropics with a seasonal rainfall. Delay in sowing seed in the nursery will mean that 
either the plants are too small at the optimum time for planting, or that planting is 
in turn delayed. Delayed planting can have serious adverse effects on survial and 
growth of the trees. Trees should be planted as early in the rainy season as possible, 
provided that there is a reasonable expectation that the rains will continue. For logistic 
reasons it may be impossible to plant the whole of a large area at the optimum time, 
but to delay planting until a few weeks before the dry season is expected to begin is 
to invite failure. 
To ensure timeliness in operations it is necessary to plan well ahead. Orders for seed 
from outside the plantation area should be made early enough to ensure that the seed 
will arrive in good time; if the seed is to come from abroad this may mean ordering 
well over a year ahead. Locally collected seed may ripen later than the optimum date 
for sowing in the nursery; in such cases it may be necessary to collect seed in the year 
before it is to be sown, and store it, provided that the seed can retain its viability in 
storage. Land to be planted should be cleared and pegged out in good time for planting 
to begin, and arrangements for transport and labour made in good time. 
A common reason for delays in operations is, however, delay in releasing funds. This 
is beyond the plantation forester's control, and will be discussed later. 
Care is needed in the nursery, in sowing, weeding, watering and control of pests and 
diseases; in transport of the plants to the plantation area, and looking after them 
should planting not be possible immediately after their arrival there; and in planting, 
to see that the seedlings are planted at the right depth, that their roots are not distorted, 
and that the soil round them is well firmed up after planting. This needs a conscien-
tious and trained labour force; it can be very useful to give short practical training 
courses to foremen and labourers before operations begin. But above all it needs close 
and regular supervision. A good foreman can make all the difference to the success 
of a forestry operation, but without supervision even the best foreman may become 
slack. Thus the forester should spend the bulk of his time in the field, supervising 
operations. 
Neglect of weeding is probably the most important single factor contributing to the 
failure of forest plantations in the tropics, especially in areas with a pronounced dry 
season. If grass and weeds are allowed to compete with the tree seedlings for water dur-
ing this period, the seedlings will suffer and very often die. 
To obtain optimum growth of the trees, completely clean weeding, removing all 
competing vegetation, is best. However this if often impracticable either because of 
the risks of causing soil erosion, or because of the expense and amount of labour need-
ed, unless mechanical methods are used. Satisfactory, though not as good, growth can 
in many situations be obtained by hoeing in lines a metre wide along the trees, or hoe-
ing patches a metre in diameter round them. This should be done when the trees are 
planted, and at intervals during the rainy season, depending on the extent of weed in-
vasion. The most important thing is that the area near the tree seedlings should be free 
from grass and weeds at the onset of the dry season. 
Hoeing is emphasized, in which the competing vegetation is removed by the roots. 
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Cutting or slashing grass at ground level is no substitute for hoeing; it makes the plan-
tation look tidier, and prevents weeds from overhanging or shading out the tree seedl-
ings, but it does not remove competitition for water. 
Weeding should be continued in the second season after planting, and continued 
thereafter until the trees are capable of withstanding weed and grass competition. 
If the plantation is properly established in its first year little replacement of dead 
trees should be needed. However if such deaths occur to an extent which leaves large 
gaps in the plantation (isolated scattered deaths can be disregarded), the gaps should 
be replanted. This can sometimes be done in the year of planting, but should be the 
priority in the year after planting taking precedence over planting new areas. 
Injuries to the plantation after planting 
The two most important hazards to young plantations are fire and grazing, and 
these may result in the failure of otherwise healthy plantations. 
All plantations should be protected by clearing firebreaks round then, ensuring that 
no 'bridges' such as dead branches lie across the firebreak thus enabling fires to enter 
the plantations from outside. Fire patrols should be set up during the danger season, 
and it should be impressed upon staff and labourers that if a fire occurs all other work 
should stop immediately, and all available manpower concentrated on putting out the 
fire. 
In large plantation schemes it may be necessary to set up a more elaborate fire detec-
tion and fire suppression organization, with look-out towers, radio links, and standby 
fire suppression crews. 
Fires are usually caused by the people living near the forest, either through 
carelessness, or, and unfortunately not uncommonly, deliberately be people who have 
a grudge against the plantation authorities or individual staff engaged in plantation 
work. It is thus most important to develop good relationships with the local people, 
and to carry out an intensive public relations programme on the dangers of fire and 
the damage caused by it. If people light fires because of grudges, the reason for these 
grudges should be investigated and attempts made to remove the causes of the 
hostility. 
Grazing, especially by goats, can cause great damage to plantations, but cattle and 
buffaloes can also do damage by trampling on the young seedlings. Grazing animals 
should be kept out of young plantations, and where grazing is intensive fencing, 
though expensive, may be unavoidable. Fences are useless, however, unless they are 
regularly patrolled and gaps in them repaired promptly. 
Here also good relationships with the local people are important. If they can be per-
suaded to keep their animals away from the planted area it may be possible to do 
without fencing. However if plantations are established on traditional local grazing 
areas, and no alternative provision is made for the animals, trouble can only be ex-
pected. Thus before a plantation scheme is begun studies should be made on the effect 
that it will have on the life of the local people, and their needs take into account. 
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Fundamental causes of plantation failure 
Lack of adequate preliminary research 
Unless satisfactory techniques for plantation establishment, including the choice of 
species to be used, are already known, small trial plots should first be established to 
try out these techniques. This will cost money and take time, but is well worth while 
if costly mistakes in plantation establishment are to be avoided. It is important that 
the soil and climate of the trial plots should be representative of the proposed planta-
tion area. Recently a large scale and expensive plantation project, financed by external 
aid in a West African country, has given results much below those expected, largely 
due to going ahead without properly located trials having been made first. 
Lack of planning 
Far too often large-scale plantation programmes are begun with inadequate plann-
ing. Having decided to plant a given area, the foresters must then plan on what seed 
will be needed, what other materials, how much labour, what transport and so on, and 
a time-table should be drawn up for the different activities. Finance for all these ac-
tivities must also be assured. As it may take a year or more to obtain seed, planning 
plantation development may take over two years before planting can actually begin. 
It is most important that plans should include maintenance of the plantation in the 
years after planting. Thus a period of five years is probably the minimum for planning 
plantation programmes, and in many cases this period could profitably be increased. 
Failure to plan ahead means that things are improvised, usually not very satisfac-
torily. Seed does not arrive in time, so another, less suitable, species is planted. There 
are not enough seedlings, so malformed and weak seedlings are planted out. Land is 
not cleared in time, so planting is delayed. And so it goes on, with the result that the 
plantation is a failure. 
Inadequate supervision 
The forester in charge of a plantation programme should give frequent, regular and 
thorough supervision to the progress of the work. There is a tendency to leave things 
to the foreman; this may work reasonably well if the foreman is a good one, but a 
negligent or lazy foreman can produce very bad results. Even a good foreman needs 
regular visite to encourage him, and to make sure that he is not making mistakes. 
However the forester may not be able to supervise work properly because of factors 
outside his control. He may have too large an area to cover, with inadequate transport. 
The allowance for fuel for his vehicle may be cut, so that he cannot visit the plantations 
as often has he would wish. His headquarters may be too far away from the plantation 
area; preferably his station should be within the plantation area, or at least not more 
than an hour or so's travelling distance away. This means that housing, which needs 
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not be elaborate, should be provided near the planting area. There should be easy ac-
cess to the plantation area, which in these days means a road, not only for supervision, 
but for transport of plants and stores. 
Supervision is not only the duty of the forester in charge of the actual plantations. 
He himself should receive frequent supervisory visits from his superior officer, to 
check the work done and to give advice. 
Financial problems 
Normally budget provisions will be made for plantations, and sums allocated by a 
Finance Ministry. These should be based on as accurate estimates as possible; it is most 
important that the estimates should include costs of maintaining the plantations in 
the years after planting. If plantations are Government financed the Government 
should realise that if it approves money for plantation establishment, it is committed 
to paying maintenance costs in subsequent years. If cuts are made, these should be 
achieved by reducing the area of new plantations, rather than the maintenance of older 
ones. Unfortunately most government finance is on the basis of an annual budget, 
whereas for forestry plantations budgeting should be for at least five yea/s ahead. 
A budget for a plantation may have been approved, but there may be delay in releas-
ing the funds, resulting in delays in alle operations. It is sometimes difficult to get 
finance officers and administrators to realise that the timing of plantation operations 
depends on nature, on the season of the year, and cannot be modified to suit ad-
ministrative convenience. 
Other difficulties are caused by sudden budget cuts, or their equivalent, such as in-
creases in the statutory rates of labourers' wages, or increased fuel prices, which are 
not matched by increased budget allocations. It sometimes happens that a government 
faced by a financial crisis imposes arbitrary cuts in expenditure. This is particularly 
difficult if it occurs towards the end of a financial year. A 10% over all cut in the 
budget, if it occurs in the tenth month of the financial year, can mean a 60% cut in 
the money available for the last two months. 
Such things have been known to happen. A forester of the writer's acquaintance was 
suddenly told, about three months before the planting season, that no more funds 
would be available for nursery work. Being a resourceful man, he put his office staff, 
drivers etc. on to nursery work, and so managed to keep his plants alive until the plan-
ting season - otherwise there would have been no seedlings to plant. Such solutions 
are, unfortunately, not always possible. 
Thus for forestry plantations to be successful there must be sufficient funds, releas-
ed at the right time, and not liable to arbitrary cuts. If cuts in expenditure have to be 
made, they should always be made by reducing the area of new plantations, rather than 
reducing maintenance of existing plantations. 
283 
Targets 
Foresters are often given a target figure of so many hectares to be planted in a year. 
If the target is achieved everyone is satisfied, and the figures are entered in the annual 
report; if the area planted falls short of the target figure, there is criticism. Thus a 
forester who plants 500 ha in which 30% of the trees survive gets more credit than one 
who plants 300 ha with 90% survival. 
Of course, if the work were properly planned and properly inspected after planting 
this sort of thing could not happen. An accurate estimate would have been made of 
costs, labour and other materials needed to plant a particular area, and the work 
would proceed according to plan. But, as mentioned above, such planning is not 
always carried out. Thus there is a tendency to favour quantity over quality, with un-
fortunate results. 
Conclusions 
Much of what was has been written above may seem elementary to experienced 
foresters, but all the faults referred to do occur, and have resulted in plantations of 
poor quality. 
Lack of technical knowledge is not the most important cause of plantation failure, 
but unless there are well-developed techniques for plantation establishment in areas 
with conditions similar to those of the proposed plantation area, large-scale planta-
tions should be preceded by trial plots; that is, research is needed. In many developing 
countries forestry research is on a minimal scale, and even when research facilities ex-
ist, there is often a lack of coordination between researchers and practical foresters. 
Thus there is a great need for intensifying relevant and practical field research into 
techniques of forest plantations. 
It is also important that the knowledge of appropriate plantation techniques is 
widely disseminated. Each country or region should have a forest plantation manual, 
which in addition to prescribing techniques for different operations, should also in-
clude such information as seed weights, the number of seedlings produced per unit 
weight of seed, the length of time it takes to produce seedlings in the nursery, labour 
norms for different operations, and so on. This will enable planning to be done more 
accurately. 
It is also important that the curricula of institutions training forestry staff at all 
levels should include courses on forest plantation techniques. Practical courses should 
be given to foremen and labourers. 
Plantation operations should be planned well in advance, and cover the whole 
period from the nursery until the plantations are established and will not require fur-
ther tending. There should also be an outline plan covering the whole life of the planta-
tion, covering such matters as thinnings and protection. 
Supervision should be intensified. The forester's work is done in the field, not in 
the office, and every inducement should be given, and facilities provided, for forestry 
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staff to spend as much time as possible in the forest. 
Finance provided should be adequate, timely, and reliable. Financial authorities 
should be persuaded that funds for plantation operations cannot be turned on and 
off like water from a tap, but that once a plantation programme has been approved 
sufficient funds must continue to be available to ensure its completion. Otherwise 
there is a danger that money already spent will have been wasted. 
Finally much more emphasis needs to be placed on the quality of the plantations, 
rather than the gross area planted. To say that 10 000 ha have been planted in a year 
looks very well in an annual report, but such reports rarely give the percentage survival 
of the areas planted. It is far better to plant smaller areas in which growth and survial 
are good, than to produce large areas of poorly stocked plantations, which will be an 
embarrassment and a financial drain in the future. 
Attention to these points should result in a considerable reduction in the area of 
forest plantations which fail to become established, and a saving in the money and 
time wasted in failed plantations. 
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Industrial forest plantations: An economic assessment 
R.A. Sedjo 
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Summary 
Industrial forest plantations play an increasingly important role in meeting world wood re-
quirements. Recent successes with plantations in the tropics and Southern Hemisphere suggest 
potential for considerable expansion. The results of a detailed investigation of the comparative 
economics of industrial forest plantations in twelve regions of the globe, including nine in the 
tropics and Southern Hemisphere, are reported. The major factors are identified and discussed 
and formal investment criteria are applied. In general, the analysis suggests that the economics 
of plantation forests in the regions examined of the Southern Hemisphere are quite favourable, 
provided that the development costs, which may be substantial, can be adequately covered. 
Keywords: Economic aspects forest management, comparability of enterprises, investment, 
costs and returns, international wood trade 
Résumé 
Les plantations forestières industrielles: Une evaluation économique 
Les plantations industrielles de forêts jouent un rôle d'importance croissante pour couvrir les 
besoins mondiaux en bois. Des succès récents sous les Tropiques et dans l'Hémisphère Sud sug-
gèrent un potentiel d'expansion considérable. L'auteur examine les résultats d'une étude détaillée 
sur l'économie comparée de plantations industrielles forestières dans douze régions du monde, 
y compris neuf sous les Tropiques et dans l'Hémisphère Sud. Les facteurs importants sont iden-
tifiés et analysés à l'aide des critères dans l'investissement. En général, l'analyse suggère que 
l'économie de plantations forestières dans les régions étudiées de l'hémisphère méridional soit 
bien favorable, pourvu que les frais de développement, qui peuvent être considérables, puissent 
être couverts d'une façon adéquate. 
Introduction 
One of the most significant developments in contemporary forestry is the expanding 
role that industrial forest plantations - forests planted, managed, and harvested for 
industrial wood values - are playing in meeting the world's growing requirements for 
commercial wood products. 
In recent decades industrial forest plantations in Europe and North America have 
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become well established as a means of producing industrial wood, that is, wood used 
for the whole range of manufactured wood and wood fiber products. These regions 
of the Northern Hemisphere have traditionally produced the majority of the world's 
industrial wood. 
Recently, there have been preliminary successes on many of the industrial planta-
tions established in the tropics and temperate Southern Hemisphere, e.g., Brazil, New 
Zealand, Chile (Laarman, 1981). In these regions, the rapid biological growth rates 
often achieved, the vast land areas potentially available, and the successes to date have 
been so significant that they suggest the long-term possibility of a substantial increase 
in the world's supply of wood and a major restructuring of the world's forest products 
production and trade patterns (e.g. Sedjo 1980). As discussed by T. J. Peck in this 
volume, the development of the vast potential of forest plantations is important of 
meeting the world's needs for industrial wood and for fuelwood as well. 
In a recent study I examine carefully the comparative economics of industrial plan-
tations in twelve regions around the globe (Sedjo, 1983). This paper reports briefly on 
the findings of that examination. 
Problem statement
 / 
The purpose of this study is to investigate the potential of plantation forests in a 
number of regions throughout the world to produce pulpwood and sawtimber while 
generating acceptable economic returns. The analysis explicitly examines the ability 
of the plantation to produce for world markets. While it should be noted that the 
world trade patterns can be affected by production for domestic markets that displace 
imports as well as by production for the export market, it can be expected that the ma-
jor wood deficit regions - Japan, the northeastern United States, and Europe - will 
continue as dominant deficit regions for the foreseeable future. Also, by using the 
world market, it is possible to avoid problems generated by various distortions that 
occur in domestic prices as the result of governmental policies such as price controls 
or subsidies. If the economics are favourable for export to world markets, they will 
certainly be favourable for production for domestic markets. 
A working hypothesis of the study is that the world is experiencing a gradual transi-
tion from reliance on old-growth to reliance on second-growth forest resources, and 
particularly upon industrial plantations that have been designed for the singular pur-
pose of producing the wood resource and generating an acceptable return on the in-
vestment. The main objective of the study is modest in that there is no attempt to pro-
vide comprehensive estimates of the quantities of wood that might be forthcoming 
through time. Instead, the analysis is directed at one aspect of the total supply 
phenomenon, namely, at the economic viability of plantations in selected regions, 
given the price and cost conditions that existed in 1979. 
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The plantation study: An overview 
The comparative economics of industrial forest plantations in twelve regions 
around the globe are examined: Southern USA, Northwest USA, Amazonia, Central 
Brazil, South Brazil, Chile, Australia, New Zealand, Borneo, South Africa, Gambia 
& Senegal, and Scandinavia. These regions were selected because of 
- the availability of data, 
- either existing activity or a perception that these regions have economic potential 
as commercial plantations and 
- a desire to have representatives of most major regions of the globe. 
Nine of the regions are in the tropics and Southern Hemisphere. These are the 
Amazon, Central Brazil, southern Brazil, Chile, West Africa, South Africa, South 
East Asia (Borneo), Australia and New Zealand. In addition, three regions in the 
temperate climate of the Northern Hemisphere are examined - the Pacific Northwest 
of North America, the U.S. South and the Nordic region in Europe. 
The methodology employed is described in detail elsewhere (Sedjo, 1983) and 
therefore it will be described only very briefly here. A schematic is provided in Figure 
1. The basic approach is economic and develops a simulation model which ties the out-
put of the various plantations into one of the world's major market areas - Europe, 
the Eastern U.S. and Japan. While the two final products examined are woodpulp and 
lumber, the model is designed to examine the economics of the forest resource rather 
than the economics of wood processing. Processing is assumed to occur in the same 
region as the plantation is located with the processed product shipped to major 
markets. These major markets are integrated to the degree that price differentials 
greater than attributable to transportation costs will result in a restructuring of forest 
product flows from the low price markets to the high price markets, and thereby hold 
prices within the bounds dictated by transport costs. It should be noted, however, that 
import or export tariffs may distort the trade flows. Market prices for the final product 
are determined outside the system (exogenously). For each region a representative 
plantation is constructed, e.g. a plantation that is of optimal size and embodies the 
silvicultural practices and other features common in the region. 
Stumpage prices for each representative plantation are shadow prices determined 
by subtracting the various economic costs - international transport, processing, 
harvest and regional wood transport - from the final market prices. Given a regional 
stumpage price and biological yields as well as the time profile and costs of harvest 
and silvicultural practices, estimates of comparative present net values on perpetuity 
(PNV) for (integrated) pulpwood and sawtimber forest plantations are made for each 
region. The internal rate of return (IRR) is also calculated as an alternative investment 
criterion. To deal with the uncertainties inherent in such an approach, an extensive sen-
sitivity analysis is undertaken as part of the study. 
Some of the results of the simulation study are presented in Table 1 which presents 
the PNV per hectare for the twelve regions under examination for what is called the 
'base case! In the base case the negative sign indicates that, at a five percent real dis-
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Fig. 1. Components of the model used to evaluate comparative economics of industrial forest 
plantations. 
count rate, the discounting costs exceed the discounted benefits and hence the project 
is uneconomic at that discount rate. Table 2 presents the corresponding internal rates 
of return. 
Three regimes are examined. The 'pulpwood' regime assumes all the harvest is used 
as pulpwood. The 'integrated, with standard quality sawtimber' regime assumes a mix-
ture of pulpwood and sawtimber. The 'integrated with lower quality sawtimber' 
assumes a mixture of pulpwood and sawtimber but treats the conifer sawtimber from 
Southern Hemisphere plantations as lower quality and hence lumber from this source 
is assumed to sell at a price discount of 10%. 
The 'base case' results reveal relatively large PNVs for most of the regions. Only the 
Nordic region generates a negative PNV and this for the pulpwood regime. Brazil, 
Chile, New Zealand and South Africa stand out as generating very high returns for 
each of the three regimes with the U.S. South (high yield site) only slightly behind. 
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Tabel 1. Representative plantations: base case present net value: 5% discount rate, 1979 constant 
prices in perpetuity (1979 US $/ha). 
Region/species Regime 
pulpwood integrated, integrated, 
with standard- with lower-
quality quality 
sawtimber sawtimbera 
North America 
U.S. South 
Pinus taeda, avg.-yield site 
Pinus taeda, high-yield site 
Pacific Northwest 
Pseudotsuga menziesii, avg.-yield site 
Pseudotsuga menziesii, high-yield site 
South America 
Brazil, Amazonia 
Pinus caribaea 3087 4080 3376 
Gmelina spp. 
Brazil, Central 
Eucalyptus spp. 
Brazil, Southern 
Pinus taeda 3592 4715 3953 
Chile 
Pinus radiata 3649 4509 3206 
Oceania 
Australia 
Pinus radiata 2005 2141 1378 
New Zealand 
Pinus radiata 2903 4118 2567 
Africa 
South Africa 
Pinus patula 3051 3727 2783 
Gambia-Senegal 
Gmelina spp. 2289 2622 — 
Eucalyptus spp. 1828 3262 — 
Europe 
Nordic 
Picea abies -100 154 — 
Asia 
Borneo 
Pinus caribaea 1851 2364 1846 
a. This column gives estimates of PNV for non-traditional producers where the sawtimber 
final product (lumber) is assumed to sell at a 10% discount when compared to the price of 
lumber from traditional suppliers. 
290 
1748 
2830 
616 
1077 
2530 
3456 
2474 
3742 
902 
2248 
3184 
4027 
Table 2. Representative plantations: base case internal rate of return, 1979 constant prices in 
perpetuity (%). 
Region/species Regime 
pulpwood integrated, integrated, 
with standard- with lower-
quality quality 
sawtimber sawtimber" 
North America 
U.S. South 
Pinus taeda, avg.-yield site 
Pinus taeda, high-yield site 
Pacific Northwest 
Pseudotsuga menziesii, avg.-yield site 
Pseudotsuga menziesii, high-yield site 
South America 
Brazil, Amazonia 
Pinus caribaea 
Gmelina spp. 
Brazil, Central 
Eucalyptus spp. 
Brazil, Southern 
Pinus taeda 
Chile 
Pinus radiata 
Oceania 
Australia 
Pinus radiata 
New Zealand 
Pinus radiata 
Africa 
South Africa 
Pinus patula 
Gambia-Senegal 
Gmelina spp. 
Eucalyptus spp. 
Europe 
Nordic 
Picea abies 
Asia 
Borneo 
Pinus caribaea 
12.02 
13.91 
7.11 
8.85 
17.89 
27.53 
20.16 
15.57 
23.39 
10.68 
11.90 
12.45 
14.12 
7.07 
9.62 
20.44 
23.54 
15.54 
17.53 
17.50 
10.06 
13.11 
— 
— 
. 
19.25 
16.79 
16.01 
8.94 
11.13 
19.34 
18.42 
12.16 
4.61 
12.94 
17.69 
17.52 
14.71 
5.57 
14.73 
16.27 
13.61 
a. See Table 1, footnote a. 
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However, all of the regions have acceptable returns (at least 5%). 
An important determinant of economic returns in the simulation model is stumpage 
price. In general, stumpage prices will decline as the distance between the resource and 
the final market increase since the greater distance implies higher transportation costs. 
However, stumpage prices are only one of several factors that determine the economic 
viability of a plantation. 
Rotation length, biological growth rates, stand establishment and subsequent 
silvicultural costs, are also of critical importance. Since much of the economic cost 
of establishing the plantation is typically incurred early in the investment, while the 
returns in the form of the stumpage prices at harvest are realized later or toward the 
end of the rotation, a knowledge of basic financial discounting is mandatory to an 
understanding of this issue. It is well-known that with a positive discount rate current 
returns are preferred to future returns of the same size. Therefore, other things equal, 
short rotation plantations have an initial advantage over longer rotation plantations. 
However, not only do rotations vary, but so do biological yields. Different yields will 
generate different levels of receipts and higher yields, of course, are preferable to lower 
yields in terms of their positive effect on the investment criteria. 
Experience with rotations, yields and harvests 
Table 3 summarizes the experience and practices of our twelve study regions with 
respect to rotations, yields and harvest volumes. The rotations vary in length from 
seven years for the Gmelina and Eucalyptus pulpwood rotations in Brazil to eighty 
years for a sawtimber rotation in the Nordic region. The four short rotation regimes 
involve multiple harvesting from a given root system based upon coppicing after the 
first planting. 
As we might expect, the short rotation plantations perform well under the economic 
criteria while the very long rotations do relatively poorly. It should be noted, however, 
that some of the better performers have somewhat longer rotations. These include 
Chile, New Zealand, the U.S. South. Thus, while rotation length is positively related 
with economic performance, other factors also influence the final economic 
performance. 
Biological yield is also a factor to be considered when analyzing the elements that 
contribute to a strong performance on the investment criteria. Average annual yields 
range from 25 m3 ha ~ * a ~1 in the Central Brazilian eucalyptus plantation, and in the pine 
of New Zealand to 5.0 m3 ha ~ * a ~1 in the Nordic plantations. However, some planta-
tions with lower yields perform better by the economic criteria than the highest yield 
plantations, e.g., southern Brazil and Chile. In addition while the Pacific Northwest 
high yield site integrated plantation has a relatively high production of 14.4 m3 ha " * 
a~1, the economic performance of the Pacific Northwest plantations as reflected in 
the investment criteria, is clearly inferior to several other prototype plantations with 
lower yields. 
Table 4 summarizes the cost of establishment and subsequent management costs 
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Table 4. Representative plantations: undiscounted initial and subsequent costs of stand 
establishment (1979 US $/ha). 
Region/species 
North America 
U.S. South 
Pi nus taeda, avg.-yield site 
Pinus taeda, high-yield site 
Pacific Northwest 
Pseudotsuga menziesii, avg.-yield site 
Pseudotsuga menziesii, high-yield site 
South America 
Brazil, Amazonia 
Pinus caribaea 
Gmelina spp.a 
Brazil, Central 
Eucalyptus spp.a 
Brazil, Southern 
Pinus taeda 
Chile 
Pinus radia ta 
Pulpwood 
initial 
costs 
266.17 
266.17 
327.64 
327.64 
277.50 
145.00 
523.00 
523.00 
176.62 
regime 
subse-
quent 
costs 
139.15 
139.15 
395.29 
370.29 
370.00 
810.00 
647.80 
382.80 
92.47 
Integrated 
initial 
costs 
266.17 
266.17 
327.64 
327.64 
277.50 
145.00 
523.00 ' 
523.00 
176.62 
regime 
subse-
quent 
costs 
149.15 
149.15 
712.92 
687.92 
430.00 
375.00 
647.80 
502.80 
114.38 
Oceania 
Australia 
Pinus radiât a 
New Zealand 
Pinus radia ta 
Africa 
South Africa 
Pinus patula 
Gambia-Senegal 
Gmelina spp.a 'b 
Eucalyptus spp.a-c 
Europe 
Nordic 
Picea abies 
Asia 
Borneo 
Pinus caribaea 
651.56 173.73 651.56 192.51 
456.33 445.46 456.33 567.40 
184.69 
350.00 
961.00 
456,00 
277.50 
195.00 
250.00 
240.00 
126.72 
415.00 
184.69 
450.00 
961.00 
456.64 
277.50 
318.30 
265.00 
355.00 
156.72 
490.00 
Initial costs = those for site preparation and planting associated with stand establishment. 
Subsequent costs = those occurring after stand establishment. 
a. Three harvests per planting (root stock) in pulpwood regime. 
b. Two harvests per planting (root stock) in integrated regime. 
c. Three harvests per planting (root stock) in integrated regime. 
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short of harvest. The lowest establishment costs are found in South Africa, ieflowed 
by Chile and the Gmelina plantations of Amazonia. For the one-cycle plantations, the 
high cost regions are Australia, the Pacific Northwest of North America, and 
Southern Brazil. Costs subsequent to establishment also vary considerably with the 
lowest (undiscounted) costs being experienced in the U.S. South, Australia, and Chile. 
High subsequent undiscounted costs are experienced in Brazil and the Pacific North-
west. The Nordic costs are toward the middle of the range examined in this study. 
There is no clear simple relationship between establishment and subsequent costs 
nor are these costs irrevocably linked with the PNV performance. High establishment 
cost regions are found among the strongest and weakest performers on the economic 
criteria. A similar lack of a clear relationship with PNV also applies to (undiscounted) 
subsequent costs. 
Land acquisition, development costs, and risk 
The previous section presents the results of a formal model developed for estimating 
the present net value associated with the forest management activities of an industrial 
forest plantation. In addition to the components of the model, which explicitly involve 
only the costs directly associated with timber growing, management, harvest, and 
transport, other factors are critically important to assessing the economic viability of 
industrial forest plantations. These factors include land acquisition costs and develop-
ment costs (specifically, the costs associated with the introduction of the necessary 
physical and social infrastructure required to allow for undertaking the set of activities 
called a management regime) and an appropriate adjustment for risk. However, since 
these do not lend themselves to direct incorporation into the formal model they are 
dealt with outside the formal model. 
Risk may be of at least three types - biological, economic and political (Johnson, 
1976; Wheeler, 1981). Biological and economic risks are related to uncertainty 
associated with regard to biological yields and the assurance of markets both after one 
rotation and into the future. Political risk relates to the question of stability in the 
political environment to allow the investor to see the investment through to maturity 
and realize the returns to the investment. It should be noted that the same political 
environment may present quite different risks to different investors. For example, the 
risk to the foreign investor may be much greater than to a publicly-owned domestic 
corporation. 
In a free market with perfect information, the price of the land is simply the land's 
present net value less the requisite development costs for its highest-value use. Stated 
another way, any economic rents could be expected to be capitalized into the market 
price of the land with an appropriate adjustment for any unusual risk. The present 
net value obtained earlier represents estimates of the price that the rational investor 
would be willing to pay to obtain the rights to manage and collect the economic returns 
generated by an industrial forest plantation. Insofar as the estimated PNVs are ac-
curate, a large excess of PNV over land price suggests high risk, large development 
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costs, or imperfection in markets. A land price exceeding PNV in forestry suggests that 
there is a higher-value alternative land use. In general, one would expect the high-
return investment site to have either high land prices, high development costs, high 
risks, or some combination of the above. To the extent that the market fails to perceive 
the true potential of a site, the market price will undervalue the land, and large returns 
will be experienced by a perceptive and successful investor. 
Development costs by region 
Our judgment is that in the developed countries, development costs will generally 
be relatively low (Table 5). To a large extent this reflects the fact that much of the 
necessary infrastructure is already in place. For much of Brazil the assessment is for 
medium development costs, although in many cases, particularly where accessible 
former croplands are used, the development costs here are likely to be low. For Chile, 
the development costs are judged to be low, since plantations are located largely on 
formerly marginal agricultural lands with reasonably good access. Borneo is also 
assessed as medium, since existing logging operations on the native forest have provid-
ed some of the required infrastructure in the form of roads and so forth. Finally, the 
high development costs category is reserved for Amazonia and West Africa, the least 
economically developed of the regions under investigation. 
Table 5. Estimated assessment (high, medium or low) of forest plan-
tation development costs. 
Forest-producing region Assessment 
Traditional 
Nordic Low 
Pacific Northwest Low 
U.S. South Low 
Nontraditional 
Australia Low 
Brazil: 
Amazonia High 
Central Brazil Low-Medium 
Southern Brazil Low-Medium 
Borneo Medium 
Chile Low 
New Zealand Low 
South Africa Low 
West Africa High 
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Sensitivity analysis: Pulp mill processing costs 
A scenario approach also allows the reader to make additional comparisons, incor-
porating information that may not be widely available. For example, an individual 
may believe that the assumptions of the model are basically sound except that wood 
pulp processing costs are likely to be 20% higher in the tropics than in the Northern 
Hemisphere temperate climate regions. Meaningful comparison then would encom-
pass a contrast of the base case investment criterion results for the temperate regions 
with the results of the high wood-pulp-processing-cost scenario for the tropical 
regions. 
For the study a scenario analysis was used to examine investment criteria sensitivity 
to changes in a number of cost elements, such as harvesting, processing and distribu-
tion. It was found that of the elements harvesting plus internal transport, international 
transport, pulpwood processing and sawmilling investigated by sensitivity analysis, in-
creases in the costs of pulp mill processing, that is, in production of bleached kraft 
wood pulp, has the largest impact on the representative plantations' estimated PNVs 
and IRRs. 
The sensititivy of the PNVs to increasing pulp processing costs 20% is dramatic, as 
seen in Table 6. Using a 5% discount rate, ten of the sixteen pulpwood regimes generate 
negative PNVs' including, importantly, some of the base case's best-performing plan-
tations of South America, Oceania, and Africa. However, while the PNVs declined 
for all the integrated regimes, the signs remain unchanged (two of the sixteen cases 
have negative PNVs). 
The effect on plantation economics of increasing this cost element is so great for 
several reasons. First, pulp mill processing costs constitute a large proportion - well 
over 50% - of final product costs. Therefore, a 20% increase in pulp milling costs 
translates into a relatively large percentage increase of final costs. The effect of a large 
increase in costs is a large absolute reduction in plantation stumpage prices, which 
thereby reduces the PNVs. Also, the effect is greatest on the plantations of the tropics 
and the Southern Hemisphere, because the high PNVs of these plantations tend to be 
the result of very rapid biological growth, which offsets the effects of stumpage prices 
that are generally lower than those of the temperate Northern Hemisphere. Since the 
stumpage prices are lower initially, a decrease of a set absolute amount translates into 
a large percentage reduction. This situation is seen in its extreme for the tropical hard-
wood plantations, which have low initial stumpage prices. Their PNVs are the most 
adversely affected in this sensitivity scenario. 
In summary, the sensitivity analysis has shown that the impact of a 20% increase 
in wood pulp processing costs on PNVs is large and important. The PNVs for 
pulpwood plantations decline precipitously, and the PNVs of integrated regimes are 
also considerably reduced. 
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Table 6. High-pulp-processing-cost scenario: present net value, 5% discount rate, 1979 constant 
prices in perpetuity (1979 US $/ha). 
Region/species Regime 
pulpwood integrated, 
with standard-
quality 
sawtimber 
integrated, 
with lower-
quality 
sawtimber 
North America 
U.S. South 
Pinus taeda, avg.-yield site 
Pinus taeda, high-yield site 
Pacific Northwest 
Pseudotsuga menziesii, avg.-yield site 
Pseudotsuga menziesii, high-yield site 
South America 
Brazil, Amazonia 
Pinus caribaea 
Gmelina spp. 
Brazil, Central 
Eucalyptus spp. 
Brazil, Southern 
Pinus taeda 
Chile 
Pinus radia ta 
Oceania 
Australia 
Pinus radiata 
New Zealand 
Pinus radiata 
Africa 
South Africa 
Pinus patula 
Gambia-Senegal 
Gmelina spp. 
Eucalyptus spp. 
Europe 
Nordic 
Picea abies 
Asia 
Borneo 
Pinus caribaea 
253 
597 
-373 
-361 
262 
-1680 
-2391 
61 
310 
-935 
-840 
1467 
2298 
618 
1418 
1838 
291 
729 
1799 
3086 
630 
2050 
— 
— 
— • 
1134 
f — 
— 
1037 
1784 
-130 
506 
432 
-909 
-2092 
—380 
-426 
2371 
259 
763 
- 1 3 4 
594 
1426 
76 
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Conclusions 
The study suggests that the potential economic returns to industrial forestry are 
large in a number of regions around the globe. The potential appears particularly great 
in several regions of the Southern Hemisphere, where there is a absolute advantage to 
produce timber relative to other regions. The study did not cover the comparative ad-
vantage of plantation forestry relative to alternative economic activities, such as 
agriculture. But the relatively high PNVs of the cases studied plus the fact that these 
cases were drawn largely from experience of forest plantations that have displaced 
other land uses or are on formerly idle land, suggest that in several regions plantations 
may well be the highest value use of the land. 
The potential of several new regions to become major future wood exporters may 
result in a restructuring of production and a consequent impact upon forest product 
trade. Such regional advantages in industrial wood production provides the basis for 
developing forestation strategies on a global or regional scale. In the development of 
such strategies attention should not only be given to a comparative economic assess-
ment of present costs and returns of industrial wood production in various regions, 
but also to the possible occurrence of certain risks factors. It was demonstrated how 
the possible effect of risk can be ascertained by sentitivity analysis. For a full utiliza-
tion of this method it will be necessary to assess if there exist systematic regional dif-
ferences in risk, e.g. in the chance of occurrence of changes in production costs or the 
estimated biological production capacity. The results of such analyses can also be used 
in the design of new industrial plantation programmes, as it provides information on 
the relative importance of controlling various cost factors. To realize the potential of 
such programmes it is essential that the costs of the whole process of production, pro-
cessing and distribution is competitive with the costs in the traditional wood produc-
ing areas. It was shown that the processing costs are a major factor in this respect and 
that development costs must be controlled. _ 
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Incentives for forestation: A comparative assessment 
H.M. Gregersen 
University of Minnesota, St. Paul, USA 
Summary 
Worldwide, few private sector activities are subsidized in so many different ways as foresta-
tion. The effectiveness of the different subsidies or incentives has varied widely from program 
to program. Some examples of effective programs are provided. The final part of the paper 
reviews some of the factors which generally influence the effectiveness of incentive mechanisms 
and programs. These factors include the following: (1) size of subsidy relative to total cost of 
forestation; (2) substitution of public for private capital; (3) size and location of subsidized 
plantings; (4) continuity from planting to harvest; (5) equity and income redistribution con-
siderations; (6) building in flexibility; and (7) budgets, administration and political climate. 
Finally, some generally underutilized incentive mechanisms are mentioned. 
Keywords: Private forestry, political aspects forestry economics, financing, credits and sub-
sidies, taxation 
Résumé 
La stimulation de le boisement: Une évaluation comparative 
Très peu d'activités du secteur privé dans le monde sont subventionnées de tant de façons dif-
férentes que le boisement. L'efficacité des subventions ou stimulations différentes a été très 
variable de programme en programme. Quelques exemples de programmes efficaces sont 
présentés. La dernière partie du texte examine quelques-uns des facteurs qui généralement ont 
de l'influence sur l'efficacité des mécanismes et programmes de stimulation. Ces facteurs com-
prennent: (1) le montant des subsides par rapport au total du coût du boisement; (2) la subsitu-
tion de capital public au capital privé; (3) les dimensions et la localisation des plantations 
subventionnées; (4) la continuité, à partir de la plantation jusqu'à la récolte; (5) les considéra-
tions d'équité et de rédistribution des revenus; (6) l'incorporation de flexibilité; (7) les budgets 
et le climat administratif et politique. Enfin, quelques mécanismes de stimulation sont mention-
nées qui sont encore sous-utilisées. 
Introduction 
Subsidies in cash or in kind are used by the public sector to induce socially desirable 
private action in the forestry sectors of most countries of the world. The purpose of 
this paper is to discuss the nature and use of such incentives or subsidies, particularly 
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as they relate to forestation programs in different countries. An attempt is made to 
analyze why they are used, where they are used, and what their characteristics are 
under different conditions and situations. 
The nature of incentives and their uses 
There are three main types of public policy instruments available to affect foresta-
tion activity in a country. One naturally is direct public investment. A second is regula-
tion of private and/or public action, and the third is incentives of various kinds that 
encourage private action. The present paper focuses entirely on incentives, although 
it is recognized that in most countries a combination of instruments is used. 
Incentives are defined as public subsidies given in various forms to the private sector 
to encourage socially desirable actions by private entities. (The desirable 'action' can, 
of course, be to not do something, e.g., not cut an existing private forest.). It is general-
ly accepted that incentives are needed to overcome three main types of problems 
(Gregersen & Houghtaling, 1978). One is lack of financial or physical ability on the 
part of private individuals to undertake certain activities. Cash flow problems are 
common with many landowners. A second is lack of motivation to invest on the part 
of the private sector, generally due to perceived low rates of return. Subsidies can help 
to raise private rates of return. The third problem is lack of knowledge or understan-
ding of what to do with private forest lands. Public services provide free information 
about opportunities or about what to do technically with given, known opportunities. 
Examples in each of these three categories will be given later. 
In a more formal sense, it is accepted in most countries that incentives from the 
public to the private sector are justified in an economic sense when one or both of the 
following conditions exist: 
- Social benefits are greater than private benefits associated with a given private 
action. 
- Social costs are less than private costs associated with a given private action and 
social benefits are at least equal to private benefits. 
In simpler terms, if society would get more out of some potential private action than 
would the private entity who would undertake it, then incentives or subsidies are 
justified (Gregersen et al., 1979). 
The various types of incentives which have been used in different countries are 
classified in the first column of Table 1. As indicated, there are two main categories 
of incentives. One is direct with the landowner; direct incentives are tied to a response 
or action by the landowner. The other is the indirect type of incentive which is not tied 
directly to any given landowner's response or action. 
The incentive mechanisms listed can be used not only for forestation, but also for 
harvesting, forest improvement, forest road construction, protection and so forth. The 
point to emphasize here is that when we look at forestation we have to look at the 
whole production system, not just the forestation stage. Ultimately it's consumption 
of the wood produced or the protection or recreation services produced which count 
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Table 1. Forestry incentive measures for reforestation and afforestation. Taken from Gregersen 
& Plochmann (1983); based on responses from 11 countries. (N = national level; L = local 
(state, municipal, etc.)). 
Measures 
Direct with landowner 
Cost-sharing 
cash grants 
goods/materials 
Services (management, marketing, 
etc.) 
Subsidised credit (loans) 
Fiscal 
tax rebates or exemptions 
special taxes (yield, property, etc.) 
other fiscal 
Reduction of uncertainty 
rental contract 
price guarantees 
insurance 
forest protection agreements 
land tenure security 
loan guarantees 
Other: (specify) 
Indirect 
Market information/price reporting 
Extension/eduction 
Research and analysis 
General forest protection 
Infrastructure 
Activities 
reforestation3 
NB, L3 
N5, LI 
N4, LI 
N6, LI 
N4, LI 
N3, L2 
Nl 
-
-
Nl 
Nl 
Nl, LI 
N2 
N2, LI 
N3 
N7, L5 
N8, L4 
N5, L2 
-
afforestation 
N10, L4 
N6, L3 
N5, LI 
N7, LI 
N5, LI 
N3, L2 
Nl 
-
-
Nl 
Nl 
Nl, LI 
N2 
N2, LI 
N4 
N8, L5 
N9, L4 
N4, L2 
-
a. Entries are interpreted as follows: 'N8, L3' means eight countries have national incentives 
in the category and three have local (state, municipal or regional) incentives. 
as benefits. These outputs depend upon all the activities involved in forestry, from seed 
to final product. 
Examples of incentives used in different countries 
As mentioned earlier, incentives are universally used, both in developing and 
developed countries, to stimulate private forestation and other forestry activities. A 
general overview of incentives for forestation used in 11 OECD member countries is 
presented in the last two columns of Table 1. Information is provided on both local 
and national level incentives and on the number of countries that use a particular type 
of incentive. In most of the 11 OECD countries surveyed, incentives are used in com-
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bination with regulations and in some cases with direct public investment. 
There is no similar, recent comparison of incentives for the developing regions 
although a number of individual country programs have been studied. Bombin (1975) 
provides a review of economic incentives used for forestry in Latin American countries 
in the mid-70's. Flinta (in press) also provides a review of incentives used in a number 
of developing countries. Individual studies for some countries also are available. For 
example, Wood (1982) reviews the incentive schemes for private forestry in Tasmania, 
while a study by Beattie & Ferreira (1979) provides detailed analysis of Brazilian 
forestry incentives. An average of almost US $ 220 million (1976$) of subsidies were 
given in Brazil annually over the 1970-76 period in the form mainly of fiscal incen-
tives for afforestation on private lands. While this is the largest such program in the 
region, most other Latin American countries have incentive programs of various sorts. 
Based on various sources, Table 2 provides a composite picture of incentives in the 
Latin American region as they existed in the mid seventies. Many countries have 
changed programs and/or added new ones since then. For example, Chile now has Law 
701, passed in 1974, and modified slightly in 1979. It provides for a set of incentive 
measures, basically a 75% cost share for afforestation. Brazil has also altered its pro-
grams. In a recent Presidential decree, areas treated were limited, a stronger input from 
the landowner was required, and a recipient was required to link afforestation to 
markets for the eventual plantation output. Two points stand out in the Latin 
American case. First, most Latin American countries use incentives for forestation; 
and, second, the variety of types of subsidies used is great. 
A couple of other incentive program approaches are worth mentioning from the 
developing world. One is in the Philippines, where the Development Bank of the 
Philippines, together with the Paper Industries Corporation of the Philippines 
(PICOP), developed a program for smallholders to encourage them to plant trees on 
part of their property (Arnold & Contreras, 1979; Hyman, 1983). A variety of incen-
tive mechanisms were used to encourage smallholder participation and forestation ac-
tivity. For example, to get farmers interested in the program, it was linked to a livestock 
and fish program, where farmers received various subsidies in the form of free pigs, 
rabbits and other animals. Those who were chosen for the livestock program also par-
ticipated in the forestation program. In other words, the animal/food project became 
partly an incentive for participation in forestry. Once the first plantations were thinned 
commercially, the results provided all the incentive that was necessary. Incomes from 
forestry were substantial relative to normal farmer income. Another incentive used in 
this program was low interest credit from the Development Bank of the Philippines. 
Loan terms were very favourable and grace periods and repayment periods were set 
up so that repayment did not start until returns were received from wood sales. 
The Republic of South Korea has a community based fuelwood planting program 
which involves a number of different incentives from the national government and 
from the Federation of Forestry Association Unions (Gregersen, 1982). This program 
is interesting in the sense that it involves a very practical 'systems' approach to the pro-
blem of fuel scarcity in a broader rural development context. Incentives included 
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technical assistance, marketing support, free seedlings, fertilizers and so forth. This 
program is also a good example of one which combines the use of incentives, regula-
tions and direct public investment. As has been pointed out often, the South Korea 
case is a very special one which is not likely to be duplicated in many other places. 
Despite this fact, there are some interesting lessons to be learned. The identified 
reasons for success are summarized in Table 3. 
Factors influencing the effectiveness of incentives 
Based on review of a number of different types of incentives used in different coun-
tries, it is possible to identify common important factors to consider in designing and 
choosing effective incentive mechanisms and programs. 
Size of subsidy relative to total cost 
The amount of proportion of private cost covered by forestation subsidies varies 
widely by countries and programs. Commonly, 50 to 75% is covered in the case of cost 
sharing. However, several countries have used forestation incentives that involve sub-
Table 3. Factors responsible for progress Village Fuelwood Plantation Program, Republic of 
South Korea (after Gregersen, 1982). 
(a) A broad-based approach was used (through the Saemaul Undong) to achieve improvements 
in a great number of conditions directly influencing rural welfare. 
(b) An incremental or a step by step approach was used which put emphasis on results rather than 
abstract ideals. Realistic village potentials were stressed in each stage of development. 
(c) There was a blending of top-down and bottom-up planning and emphasis was placed on 
cooperative action between government and private citizens (e.g., through the relationship 
between the OOF and the Federation of FAU's). 
(d) There was a recognition that longer term goals could not be achieved without also putting 
emphasis on short term gains in income and welfare. 
(e) Emphasis was put on research and development of appropriate technology. 
(f) Emphasis was put on provision of adequate technical assistance and extension of appropriate 
technology to users. 
(g) Thorough logistical planning was used to assure timely delivery of materials and technical 
services. 
(h) Appropriate and timely financial subsidies and access to resources were given to villages. Such 
aid was tied to a self-help attitude to prevent problems of increased village dependence on 
outside support. Among other things, emphasis was placed on reinvestment of some of the 
gains from projects. 
(i) Strong, clear laws and regulations were developed to define appropriate responsibilities need-
ed to achieve results. It was recognized that results could only be achieved if villagers 
themselves participated in policing activities and exerted peer group pressure to prevent 
abuse to resources. 
(j) A long tradition of village cooperation existed in villages when the programme started. 
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sidies of more than 100% of costs. This generally has happened not deliberately, but 
rather because of lack of appropriate information on inflation, the value of labour, 
and so forth. 
If a subsidy covering more than 100% of costs is given the subsidy most likely is 
not an efficient allocation of resources. A 100% incentive means that the private entity 
has no cost for the forestation but reaps at least a portion of the benefits. This makes 
little sense from an efficiency point of view, since it would result in an almost infinite 
rate of return for the private individual, which is obviously more than is needed to 
stimulate interest and investment. Better information use and close monitoring can 
help avoid this problem and help to insure that a given subsidy budget reaches more 
people and more hectares. 
Substitution of public for private capital 
From a public point of view it is not efficient if subsidies merely substitute for 
private capital, i.e., if the public sector pays for activities that would have been under-
taken in any event by the private sector (without the subsidy). To help avoid this pro-
blem, private activity prior to design of the incentive program should be closely 
monitored to see what actually is being done by the private sector. More careful screen-
ing of potential recipients can also help in this regard. However, some substitution is 
unavoidable. 
Size and location of subsidized plantings 
Size is a major factor in terms of economic efficiency. Economies of scale come into 
play in forestation. Using subsidies, landowners in many countries have planted small, 
isolated tracts of land with trees which will not be marketable at maturity because the 
small wood volume available will cause the cost of logging to be too high to be com-
petitive. The subsidy was so attractive that the owner never thought about eventual 
wood sale. The problem of sale is, of course, less serious in the case of establishing 
community forests or tree planting in very poor economies, where the output will be 
used as fuelwood, poles, posts, and so forth. In such cases, where labour cost is very 
low, transportation costs very high, it makes sense to plant small areas near consumers 
so that transportation can be minimized. Harvesting costs in such cases will be rather 
insignificant and location becomes more critical than scale. Incentive programs can 
be designed explicitly to take scale and location of desired forestation projects into 
account. 
Continuity from planting to harvest 
Any kind of incentive program for forestation should involve a systems approach, 
i.e., where everything is considered together from seedling production right through 
final harvest or utilization of the services from the mature plantation. The South 
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Korea plantation program mentioned earlier is a good example of this kind of an in-
tegrated approach that considered all kinds of factors in the context of incentives for 
local community action. Many cost share programs fail in terms of the continuity 
criterion. Trees are planted one year and then the public sector forgets about the plan-
tings, moving on to the next group of landowners with bare land to plant. Retention 
rates in such cases can be very low, i.e., at the time of projected maturity, very few of 
the original plantings may still be in existence. Thus, a key requirement is for con-
tinuous management and participation by the public sector, once a decision has been 
made to initially become involved with an incentive program. If it is worthwhile for 
the public sector to provide incentives for planting, then it also should be worthwhile 
for the public to stay involved until the planted trees mature. Chile is one example of 
a country that has considered this point and has established a contract format that 
carries through to harvest. 
Equity and income redistribution considerations 
There often is a conflict between equity and efficiency considerations in the design 
of incentive programs. For example, it was mentioned earlier that it often is more effi-
cient to deal with larger landowners because of economies of scale. However, larger 
owners normally have access to more resources, and, as demonstrated by Faber & 
Stolwijk in this volume, they usually profit more from development projects than 
smaller owners. Thus, if income redistribution from rich to poor is a main objective, 
then one has to deal with smaller owners. Particularly when one is dealing with the 
poor one has to keep in mind questions of lack of interest, ability, and knowledge. The 
problems of the particular poor clientele group being dealt with have to be studied in 
the field in order to design an effective incentive program. There is no question that 
income redistribution is a major implicit and in many cases explicit objective of incen-
tive programs. In designing incentive programs for forestation, the following points 
seem relevant. 
Oftentimes the best way to deal with the potential conflict between efficiency, equity 
and perhaps other objectives is to specify limits or constraints such as is done by inter-
national lending institutions. Certain types of low interest loans or other subsidized 
credit are only given to certain low income countries or to certain income level groups. 
If one wishes to reach the poorest population classes, then a good rule of thumb 
is to keep an incentive program very simple, very easy to explain, very easy to ad-
minister, and very easy in terms of red tape for participants. Related to this point it 
makes a great deal of sense to build a number of checks into an incentive program. 
This is particularly important if a large number of landowners is going to be reached, 
and a large number of public servants (e.g. extension agents) is going to administer 
the program. Constant adjustments will have to be made as feedback comes from the 
monitoring of activities. 
Finally, if equity or income redistribution is a major consideration, then an in-
tegrated organizational form will often be most effective. For example, in the case of 
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a Columbia watershed program, a soil conservation fund (SCF) was established to 
finance upstream watershed management activities through a series of incentives or 
subsidies paid by downstream users and INDERENA (the Institute for Renewable 
Natural Resources). The SCF was to be used to subsidize a portion of the debt service 
for the upstream farmers who borrowed funds to undertake certain soil conservation 
practices, for example, silage or reduction in the number of cows per hectare or replac-
ing part of an annual crop by permanent crops. The subsidy would be received only 
after the farmer had demonstrated to an authorized extension agent that the soil con-
servation practices agreed upon were, in fact, being carried out. The institutional 
structure for this program involved downstream users (several distinct categories), 
upstream landowners/users, banks, extension services, a forestry agency, and the 
general rural development authority in the region. 
Building in flexibility 
Particularly important is an approach which involves looking at incentives over time 
in relation to the changing responses and supply and demand conditions which are 
likely to influence the results of forestation programs. In other words, flexibility is a 
key. For example, in the South Korea case mentioned earlier, incentives in the form 
of free seedlings (plus a number of other items) were given for forestation. In designing 
the program those involved looked at the potential demand for fuelwood over time 
and it was decided to build in the flexibility that at least part of the trees planted should 
be dual purpose species. Thus, if the expected demand for fuelwood never materializ-
ed at the level envisioned initially, some of the trees planted could be held for timber 
production later on. Also Arnold and T.J. Peck in this volume have indicated the 
wisdom of building in such flexibility when choosing species and management 
practices. 
Underutilized incentive mechanisms 
Based on the experience of several countries, there is some indication that indirect 
incentives in the form of educational programs and direct technical assistance to land-
owners in the form of help with preparation of management plans are underutilized 
types of incentives. As discussed by Arnold in this volume, in many areas private land-
owners have more interest, willingness and ability to undertake forestation programs 
than was generally thought in the past. What the landowner lacks is the knowledge, 
the technical expertise, and the understanding of what needs to be done. Thus, the ma-
jor void in many cases - particularly in developed countries - is lack of knowledge. 
In such cases, there is the major challenge, therefore, for public extension and training 
programs such as discussed by Pelinck et al. in this volume. 
Government loan guarantees and various types of subsidized insurance have not 
been widely used and appear also to be underutilized types of incentive mechanisms. 
The risks involved in growing timber over time can be substantial. Particularly in less 
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developed countries, the typical small landowner cannot easily carry the burden of 
great risk and, if given the choice, will not undertake projects which involve major 
risks. Further, his access to credit is limited without a loan guarantee. 
Budgets, administration and political climate 
Other major factors which should influence the choice of incentives include budget 
availability, administrative capacity and, of course, political climate. In the case of 
budgets, it is obvious that different incentive types, e.g., subsidized loans vs. direct cost 
share, involve different funding requirements for given practices and treatment of 
given areas and numbers of entities. Thus, given a fixed budget, there is a tradeoff bet-
ween effectiveness/efficiency considerations on the one hand and number of entities 
and area which can be reached with a given budget, on the other hand (Gregersen et 
al., 1979). 
In the case of administration, different incentive mechanisms require vastly dif-
ferent amounts of administrative time and institutional organization to implement for 
a given population. Again, there are tradeoffs to consider between numbers/area 
reached and effectiveness/efficiency of expected results using different types of incen-
tive mechanisms. In the case of political climate, it is obvious that certain types of in-
centives will be more favourably received than others in a given situation. In some 
political systems, direct cost share by government is much less acceptable than sub-
sidized loans, which often hide the subsidy element better. In other cases, the opposite 
is the case. Each situation needs to be considered in terms of workability, efficiency 
and consistency, when one is designing an incentive system for forestation. 
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Institutional arrangements for forestation 
D.J. Palin 
Swedforest Consulting AB, Solna, Sweden 
Summary 
In order to carry out afforestation and tree planting numerous social, ecological and 
economic problems have to be tackled. The institutions concerned were, for the most part, 
designed to solve silvicultural problems. They need to be redesigned so as to enable participating 
organisations and individuals to solve the problems of today. 
This paper states and analyses the most important problems from an institutional standpoint. 
First, the problems are classified according to the conditions in which the forestation is to be 
carried out: the physical-geographical conditions and the social context. Next are considered 
the problems specific to the purpose of the forestation programme, to the utilisation that is to 
be made of the resulting forest - the dominant use: industrial utilisation, energy utilisation, 
domestic utilisation, soil and water conservation or ornament, recreation, national and wild-life 
parks. 
From this analysis, conclusions are drawn about various key roles that are needed for suc-
cessful afforestation and tree planting of different kinds: the essential characteristics of the 
leading actor, usually the land manager, the role to be played by the forestry profession and the 
state regulatory role. 
These considerations suggest a more diversified and differentiated institutional pattern than 
commonly exists today, but which is gradually emerging. The new pattern allocates a less domi-
nant role to the central public forestry administration; a more important role to multi-
disciplinary organisation in which forestry will participate as one discipline; and a more 
liberated, and therefore active, forestry profession. 
Keywords: Forest administration, forest management organisation, forestry development, 
forest utilization, private forestry extension services. 
Résumé 
Arrangements institutionnels pour le boisement 
La tâche du boisement rencontre de nombreux problèmes, d'ordre social, écologique et 
économique. Les institutions forestières, pour la plupart, on été créées pour faire face à des pro-
blèmes de science forestière. Il s'agit de les restructurer afin de les rendre capables de résoudre 
les problèmes actuels. 
Dans l'article on constate les principaux problèmes et on les analyses du point de vue institu-
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tionnel. Les problèmes sont d'abord classés suivant les conditions physiques-géographiques et 
sociales. Ensuite on considère les problèmes propres à l'utilisation qui serait faite de la foret ou 
des arbres éventuels: utilisation industrielle, énergie, ménagère ou bien conservation des eaux 
et sols, récréation, parcs nationaux ou zoologiques. 
On peut tirer de cette analyse certaines conclusions concernant les rôles-clés à jouer dans les 
différentes opérations du boisement ou de plantation: les caractéristiques essentielles des 
responsables, le rôle de la profession forestière, le rôle de l'état. 
Ces considérations suggèrent une constellation d'institutions plus diversifiée et différenciée 
que n'est celle qui existe aujourd'hui - mais c'est une constellation qui s'annonce déjà par des 
changements concrets. Dans la nouvelle constellation, l'administration publique forestière cen-
trale tient une place moins dominante. Par contre, il y a davantage d'institutions de caractère 
multi-disciplinaire dans lesquelles la science forestière jouera son rôle. D'autres résultats seront 
la libération et la réactivation de la profession forestière. 
The approach 
Afforestation or tree planting is expensive. Succesfully bringing plantations to 
maturity presents many problems. This paper takes a look, from an institutional 
perspective, at the problems of gathering together the resources needed for making, 
protecting and exploiting plantations, and for tree planting. , 
This examination is based on the theory that human institutions in a general sense, 
and indeed all human organisations, are intended to solve certain problems. The aim 
is therefore to find pointers to the kind of institutional arrangements which will help 
solve the problems involved in raising plantations and trees in these times. 
While the raising of plantations and trees presents many problems in industrialised 
countries, it appears to present many more in the Third World. This paper is therefore 
mainly centred on the latter. 
Problems specific to forestry conditions 
The main conditional factors in regard to forestry development appear to be 
two-fold: 
- the state of the land in terms of soil, climate and other physical-geographical 
conditions; 
- the degree of pressure on the land. 
The two sets of factors interact - often to the disadvantage of forestry. Physical-
geographical conditions favourable to growing food naturally attract human sett-
lements. Several decades ago it was possible to make extensive forest plantations on 
relatively flat and rich land (e.g. the teak plantations in Java or Thailand). Such land-
use is now out of the question in almost all parts of the world. Generalized population 
increases having made it necessary to give priority to foods crops, the land now made 
available for extensive forestry tends to be on the poorest land. In arid or semi-arid 
zones, such land may still be relatively flat, but the conditions otherwise are hard. In 
other climatic conditions the forester has to be content with tough factors like steep 
slope, altitude, etc . . . . - if he is lucky enough to get any land at all. 
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As a result of these changed conditions, the patient, thorough, but location-specific 
research conducted over the decades proves to be of limited use. Enormous uncertain-
ties exist in tropical forest science and have somehow to be tackled on limited budgets. 
Accompagnying the problems of forestry science are the social problems. Man does 
not plant trees without reason and he does not cut them down without reason. The 
reason he does cut them down is usually economic. The cutting, whether motivated 
by clearing land for shifting or settled cultivation or by extracting timber for sale or 
use, does not solve his economic problem; it merely mitigates it or defers it. To under-
stand the problems, however, it is necessary to distinguish between these three motiva-
tions: permanent forest clearing, temporary forest clearing and extracting timber. 
(1) Permanent forest clearing for agricultural use or human settlement is an activity 
which, because land is a finite resource, cannot continue indefinitely. The questions 
that each nation has to ask - and find a socially acceptable answer to - are: 'given 
the extent and nature of our territory, what is the permissible population in line with 
current technology and where should the people live?' It is heartening that in some 
countries (e.g. Britain, Sweden) population stabilisation has more or less arrived. In 
consequence of this, and of advances made in agricultural science and practice, land 
which used to be food-producing is again being used for forestry. Few of the peoples 
of the world, however, seem to share this way of looking at things. Most continue to 
multiply - and deforest the land on a permanent basis. 
(2) Forest clearing for temporary agriculture and settlement is of another order - at 
least in theory. Also, for centuries, in practice. At best, shifting cultivation rejuvenates 
the forest. But here again lack of understanding, on the part of those concerned, of 
the wider conditions of life has led to population increases and consequently shorter 
cycles of 'temporary' clearing so that gradually, through progressive stages of degrada-
tion, the effect in many places is the same as that of permanent clearing. 
(3) Extracting timber for sale or use is a different case again. To clear land for 
agriculture or settlement is to make a demand on a finite resource. To extract timber 
(or other forest produce) is to make a demand on a renewable resource and is good 
husbandry to the extent that the way in which it is done permits re-growth of 
equivalent value. Finding that way is not easy - particularly if it is desired to retain 
the natural forest (Leslie, 1977). Destruction of the forest often follows. 
But what has the sad history of deforestation to do with afforestation? As indicated 
by 'Hinkeloord' earlier in this volume, afforestation is of little interest if deforestation 
soon ensues. The forest is in many cases unprotectable by legal and police power. 
Either it is too vast or too valuable, or the land it stands on is too vast or too valuable. 
Beside legal power, economic and social power have also to be deployed in such cases. 
It is therefore of critical importance that forestation policies take account of the driv-
ing forces that have led to forest destruction, and that such policies be harmonised, 
or reconciled, with relevant social and economic policies. For example, in the present 
state of technology, it is quite useless to contemplate the afforestation (or reforesta-
tion) of certain areas unless and until the people living there-abouts have determined 
to stabilise their numbers. 
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To sum up: 
1. Society has need of continued and disciplined applied research adapted to the 
changed physical conditions in which plantations and trees are now often being raised. 
2. Social policies need to take account of forestry constraints. Society needs to 
understand the driving forces behind the destruction of forests in the past and in the 
present and which have overcome normal forest protection measures. 
3. National and local forest policies need to take account of social analysis, par-
ticularly demography. There must be consonance between social policy, forestation 
policy and economic policy, in order to cope with all the conditional factors relevant 
to afforestation and tree planting. 
Problems specific to forest utilisation 
The problems alluded to above derive from technological and social conditions, 
sometimes via economic considerations. The institutions involved in afforestation and 
tree planting must, between them, be able to solve such problems. However, the intend-
ed primary utilisation of forests or trees is also often a factor determining the institu-
tions which beget and surround them, as well as a factor which determines certain 
organisational requirements. 
Five different kinds of utilisation are here discussed: industrial wood production; 
energy production; production of domestic forest products; soil and water conserva-
tion; and ornament, recreation and parks. They are dominant end-uses; i.e. they are 
not always exclusive end-uses. In spite of the multiple-use concept, dominant end-use 
corresponds to the reality in the field. 
Industrial wood utilisation 
Mostly, forest-based industry is stationary and demands high capital investment. 
Some exceptions are mentioned below. Forest-based industry, be it mechanical or 
chemical in its processing, also demands certain qualities of raw material for its pro-
ducts and certain quantities for its management and profitability. An acceptable price 
is also necessary and in this regard - for all but the most valuable sawlogs - proximi-
ty to the raw material is often a determining factor. From the point of view of industry, 
therefore, the important factors relating to the raw material are reliable quality, reliable 
quantity, proximity - and, of course, price. Afforestation or reforestation for in-
dustrial utilisation will therefore be successful only to the extent that it satisfies these 
conditions. In most cases, if not all, the forestation plan will have to be governed by 
the following concepts: 
- sustained yield; 
- species selection to suit both site conditions and forecast market demand; 
- silvicultural practices (e.g. spacing, pruning, fertilising) to be based on market 
demand. 
The organisation concerned with the management of the plantation will also require 
315 
competence in managing seasonal labour over extensive areas for nursery, planting 
and maintenance operations, as well as in regular, perceptive, inspection and in fire 
prevention. It will require either competence in extraction operations or the capacity 
to control them when carried out by others. Figure 1 illustrates all system interaction 
needed for good management of industrial plantation. 
Much the same points arise whether the operation is one of re-planting after clear-
ing or clear-felling of natural forest or if it is one of enrichment planting (say) in a 
logged-over natural forest, although there is much more uncertainty about the latter 
(Leslie, 1976). Leaving aside this last type of operation - natural forest management 
- the kind of plantation under consideration requires much land (one sawmill of 
50 000 m3 roundwood capacity will require an estate of 2500 ha to supply it, at 20 m3 
ha ~1 a " 1 and yields may often be lower) and long-term investment. The private sec-
tor in the tropics (unless it is working in a natural forest concession area and replacing 
the natural forest with man-made plantations) is usually short of that sort of land and 
that sort of patience for returns on their investment. It is therefore more common for 
the public sector to undertake the raising and management of the plantation. 
The public forestry administration (PFA) has usually been the institution selected 
for this task, often because it already has the job of managing the land and often, too, 
because it has a virtual monopoly of qualified foresters. In more recent years, some 
state forestry corporations have stepped into the role. Thus, the Andhra Pradesh 
Forest Development Corporation has been raising plantations in India, since the mid 
1970s, partly using commercial loans; the State Timber Corporation of Sri Lanka was 
being considered for this role in 1981. In both cases the land was - or was to be -
transferred from another part of government. Another example is the Indonesian 
State Forest Corporation Perum Perhutani (Wirjodarmodjo & Bratamihardja, this 
volume). Different again is the Fiji Pine Commision, which has established planta-
tions on the western (dry) land, previously unexploited, acting as a kind of trustee for 
the land-owners (the Matagalis) and using largely loan capital. 
When such heavy - and costly, because long-term - investments are made, it is 
of central importance to plan the industrial development in phase with the plantation 
development. Where wood industry companies play a leading role in the plantation 
plantation 
management 
^ j S 
extraction 
. . 
\^ 
primary 
processing 
industry 
markets 
Fig. 1. System interactions needed for good management of industrial plantation. Hatched, 
areas where joint planning and execution is necessary; arrows indicate where mutual deep 
understanding is necessary. 
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development and management, this tends to happen. This is the case, for example, in 
some parts of Kalimantan, Indonesia, where companies having a concession for 
natural forest exploitation have had to set up industries for that purpose and now some 
are planning to make sustained-yield plantations around them. Other examples are the 
Paper Industries Corporation of the Philippines (PICOP) in Mindanao, which, 
although momentarily in conjunctural difficulties, has performed well both 
economically and socially and several private companies establishing industrial plan-
tations in Brazil (Galvao & Do Conto, this volume). 
Though no guarantee of success, the close involvement of private sector companies 
at least favours it. The financial disciplines to which they are subject are strong motiva-
tion and their knowledge of the market generally makes it possible to perform well. 
It is much more hazardous if all is left to government. Even well-laid plans can, of 
course, go wrong in the face of the unpredictable. For example in the Viphya region 
of Malawi, plantations have been raised to feed a pulp mill which, because of world 
economic conditions, will not be built; alternative utilisation of the wood is being 
sought. And in Tanzania, about one million cubic metres are now maturing each year 
(over some 15 plantations) while national industrial consumption amounts to only one 
tenth of that. / 
These Tanzanian plantations, like a great many others raised by PFAs around the 
world, have also suffered from another kind of problem. They operate on an annual 
expenditure budget. Establishment costs were provided for, plus, for some years, 
maintenance costs. Harder times, both for the country and for aid donors, have com-
pelled government to reduce the PFA budgets. Many of the PFA costs are fixed, or 
cannot be reduced, such as personnel costs. What suffers are the plantations. 
Maintenance standards are reduced and timber quality suffers; the mature plantations 
even 'collapse'. Furthermore, operations which would actually earn money, like com-
mercial thinnings or even final harvest, cannot be undertaken because 
- the earnings cannot be used to offset costs and 
- the budget will not cover the investment - for logging, roads, etc... - initially 
required. 
The result is a total loss of good raw material and is the clearest evidence of the fact 
that the usual kind of government administrative structure is simply inappropriate to 
the business of managing industrial plantations successfully. While devices like revolv-
ing funds solve some of the problems (e.g. accounts), they do not solve all (e.g. per-
sonal motivation). While in certain conditions individual PFAs may be able to per-
form well, the corporate structure, whether private or state controlled, is the only kind 
of structure which can be recommended for the sustained task of managing industrial 
plantations. Many countries have moved or are moving towards such arrangement, 
because 
- it helps to keep maintenance going; 
- it protects plantations (to the greatest extent possible, at least) from changing 
political favours and economic fortunes; 
- it enables managers, and owners, to know the true costs and benefits by type of 
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operation and by compartment; 
- it gives management the possibility to determine - and, with cause, vary -
silvicultural and marketing priorities on a flexible basis; 
- it provides management with the option of undertaking logging themselves or con-
tracting it out; 
- it can (but does not always) give management the power to motivate their personnel 
in order to increase raw material quality and productivity; 
- it provides a basis for understanding between the plantation manager and the mill 
manager (who will almost certainly be in a corporate structure); 
- it can provide strong support for learning about the extraction, milling and market 
systems downstream - and therefore for optimising the total system and for avoiding 
wastage of raw material and effort. 
Wood energy utilization 
Three driving forces have recently led to a sharpened interest in the utilisation of 
wood (and other biomass material) for the generation of energy. They are: 
- local shortages - in some places a total lack - of cooking fuel; 
- a rather general desire to find substitutes for fossil fuels - especially oil (to reduce 
costs and foreign exchange expenditure); 
- the need for energy for economic growth. 
Wood may be used in various ways for these purposes, either by direct combustion 
or in different forms of upgraded energy such as charcoal, briquettes, producer gas 
or liquid fuel. 
Forest and mill residues are important sources of energy wood, but they lie outside 
the scope of this discussion. Relevant to afforestation and tree planting are the 
establishment of large plantations of fast-growing species, small woodlots or even the 
plantation of singular trees. 
From an organizational point of view, if the supply of energy wood is on an in-
dustrial scale from an energy plantation, what was said above about industrial utilisa-
tion will broadly apply. The grower should have the same concern for regularity of 
deliveries and even quality. The rotation cycles are, of course, much shorter - in the 
range of 2-5 years - and this fact facilitates the financing. On the other hand, the 
technologies of intensive growth and harvesting are relatively new and as yet little 
taught in the educational systems. Bringing knowledge of them into an organisation 
represents a further investment which will have to be reckoned with. The differences 
between sawlog plantation management and energy plantation management suggest 
that the organisation of the latter should, if anything, be more commercial. It is vir-
tually an horticultural operation requiring intensive inputs - in the form of soil care, 
additives, weeding and so on and regime modification in response to weather and 
growth - which it would be difficult to handle within an administrative budget 
system. If the supply of energy wood is on a medium scale, it will most likely be forest 
or mill residue. That leaves operations like raising village woodlots or small communal 
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fuelwood plantations. Since the produce of such operations is essentially for domestic 
use, they will be discussed under that heading. 
Domestic wood utilization 
There are 3 main types of domestic wood utilizations: 
- poles, bamboos, etc. for house-building and repairs; 
- small wood for farming and domestic implements and tools; 
- fuel for cooking and heating. 
Usually, all such needs have historically been met simply by cutting in the nearest part 
of the forest. The so-called customary right to gather or to cut is very widely recogniz-
ed, and defended, over continents and cultures. There are still large parts of the world 
where such rights can be freely and harmlessly exercised, although problems arise if 
these customary rights are no longer de jure recognized. What is alarming is the rapid 
increase in those other parts where such rights continue to exist de jure while having 
ceased to exist de facto - because there is no more forest to cut. It is in such situations 
that thoughts turn to plans for planting trees. 
It was not until the neolithic age that Man conceived the idea of planting seed to 
grow food-yielding crops. It had taken him millennia to understand this concept and 
the better way of life it promised. The idea of planting trees (other than for fruits or 
other foods) is, by comparison, of very modern date. The need was not there. The 
forest regenerated itself - if for any reason it did not, one moved on. The idea of plan-
ting trees is in most parts of the world still seen as an innovation by the man in the 
street or bush, wherefore the vulgarisation of this applied art has to be approached 
as a problem of innovation. 
Professional foresters have made enormous strides in the last century and a half in 
overcoming the technical problems involved and huge areas of man-made forests bear 
witness to this fact. But the concept of artificial regeneration is still very far from being 
generally understood. The planners have understood the need for it, since when local 
wood supplies dry up the people can no longer move on. It is natural, therefore, that 
they should turn to the foresters to get the job done. The planners also understand, 
however, that technology is not the only resource required to meet the needs for 
domestic wood: the resources of land, labour and finance also have to be linked into 
the scheme. The institutional design of forestation has to be such that they are all effec-
tively linked (Fig. 2). Some analyses have been made of the different ways these 
linkages can be, and are, made through different institutional arrangements in order 
to foster rural self-reliance (e.g. Palin, 1980a). 
Where the problem is to supply the needs of an urban population it may well be 
quite feasible for a government (or local government) agency to acquire the necessary 
land (if it does not already possess it), plant the necessary trees, protect them for x 
years and then supply the wood in some way to the place where it is needed. Many pro-
blems are often encountered in implementing such a scheme, but the idea itself is a 
tenable one and institutionally it could be handled like an operation delivering wood 
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Fig. 2. Linkages between resources needed for meeting domestic wood supplies. 
to industry. It would be the basis of a city-oriented supply system and not much con-
cerned with rural development. 
But where the problem is to supply the needs of a splintered rural population, the 
approach has to be quite different (Chandrasekaran, 1983). For practical and 
economic reasons, it is difficult for a government to manage small, scattered 
woodlands. They may be difficult to establish (land questions), to maintain (labour 
needed when times are busy on the farm, expensive transportation from one small plot 
to another) and to protect (historical attitudes to 'forest' and customary rights). The 
sharing of benefits may also pose problems. The whole task is usually beyond the ac-
tual or envisageable capacity of a government agency - at least on its own. Ex-
periences show that the active interest and support of the local population is a prere-
quisite for success - and this is now generally recognized (e.g. Arnold, Basu, Taylor 
& Soumaré, this volume). The nature of the problem is therefore: how to win the sup-
port and interest of the local population? 
Many schemes of varying sizes and in different countries have been launched like 
those discussed by Arnold (this volume). Reports of these schemes often indicate a 
'gap between policy formulation and performance' (Chowdhry, 1983). 
In trying to analyse what seems to be fairly generally recognized as an abnormally 
low success rate, many commentators raise the question of the role of government. 
One pair of researchers in the US, writing about local organisations generally, i.e. not 
specifically in relation to local wood needs - state: 'Some linkages to government 
were to be preferred to the extremes of either complete autonomy or strong govern-
ment direction. Too much government direction can destroy local initiatives and self-
reliance on which depend the success of local organisations.' (Esman & Uphof, 1982). 
Another author, after a fascinating analysis of project experiences in India, concludes: 
'As far as working with the rural poor is concerned there is enough evidence in dairy-
ing, agriculture, health and education that bureaucratic structures have not been suc-
cessful in servicing the poor. There is no evidence in the social forestry programmes 
of various State governments that the rural poor have benefited. Institutional alter-
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natives which are more flexible and responsive at the local level need to be promoted.' 
(Chowdhry, 1983). 
The matter may need further investigation, but there seems to be a strong probabili-
ty that in several socio-political systems, the government agencies should refrain from 
active participation in domestic wood projects, while in other systems they could be 
considered a resource of last resort - to step in as an emergency measure if all else 
fails. 
The question then becomes what is the appropriate institutional framework for suc-
cess in 'forestry for local community development' projects. The problem may simply 
be stated as 'how to motivate land managers to innovate and how to help them 
implement'. 
The concept of the 'land manager' is a useful one in this connexion. He could be 
'an individual farmer, a corporation, a traditional collectivity like a village, or a group 
which has some control over land, like a school, a religious or a voluntary association! 
(Stymne, 1983). 
The same author goes on to analyse the relevant interacting factors, which need to 
be considered in structuring forestry extension activities directed towards these land 
managers (Fig. 3). 'Outside the framework, and influencing it, is the visionary and 
determined leadership needed to get a change process under way'. It is this element 
of leadership which is often missing at the local levels and which is an indispensable 
component in the design - particularly when a rather fundamental change process 
is the goal. This is not beause local leaders do not, in general, exist; it is because those 
carrying the idea of home- or village-grown domestic wood spend too little time with 
them, or looking for them. Too often the idea-bearers come from government or are 
paid by government, or at least are seen by local leaders as the agents of government 
and therefore as the agents of a system that all too often is deliberately or incidentally 
bringing about the fall of the traditional structures of which they, the local leaders, 
legislation 
land titles 
extension 
agents 
land manager 
land use 
products 
Fig. 3. Structure of forestry extension system (Stymne, 1983). 
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Fig. 4. Patterns of institutional structure using NGOs and local leadership. The idea-bearers 
have to sell the innovative concepts to land managers, usually through local leadership. 
are often the representatives. Experiences in some part of the world, particularly in 
the Indian Sub-Continent (e.g. Basu, this volume), indicate that approaches to local 
leaders by non-governmental organisations (NGO's) are more likely to succeed and (at 
the risk of over-generalising) suggest an institutional structure more like that in Figure 4. 
One of the important things about this model is that the land managers are put in 
the position of 'demanders' rather than 'beggars' or 'unwilling receivers'. The work 
involved in getting them to make demands is, of course, not to be underestimated. 
Much care is also needed in designing the flow of funds so that the land managers have 
the power of money but also that suitable safeguards regarding its safekeeping and the 
way it is spent can be set up. The forestry organisation may be run by the NGO on 
a suitable geographical scale to be economic in, for example, seedling production and 
safe delivery to land managers. The forestry organisation may also be the public 
forestry administration, which in this model is acting strictly as a supplier of goods 
and services. A project resource input structure in generalised form could be illustrated 
as in Figure 5. 
Soil and water conservation 
Soil and water conservation measures are usually divided into 2 classes: 
- physical works (e.g. terracing, bunds, checkdams, etc.) and 
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Fig. 5. Possible institutional model for village forestry projects. 
- vegetative measures (e.g. growing grass, crops, shrubs, trees for root binding and/or 
cover from precipitation and/or protection from wind erosion). 
To find the right combinations of measures for particular site conditions and a given 
economic framework is a complex process which involves inputs from many different 
disciplines (mainly: hydrologists, agriculturalists, physical geographers, soil scientists, 
climatologists and foresters). A central problem with multi-disciplinary work is to find 
a decision-taking structure which can absorb the professional advice for each 
discipline without giving undue weight to any one above the others. The solution to 
this problem begins at the institutional level and a good rule to follow is to give the 
main responsibility not to an institution deeply steeped in any one of the disciplines 
involved but to one which has responsibility for the end-result of their combination 
- in this case a protective organisation. 
Another set of considerations, which are of particular relevance to the role of af-
forestation and tree planting in soil and water conservation, relates to the scale of the 
areas considered. When considering a small area like an individual farm, the most 
logical integrator of knowledge is the 'land manager' (in the sense used above) and 
the remarks made about institutional aspects of growing wood for domestic consump-
tion apply, mutatis mutandis, when the (main) function'of the trees is not wood pro-
duction, but soil and water conservation. The analogy with local wood production can 
be carried further, for some kind of revolution is necessary in the thinking of many 
rural populations in order to bring about soil stabilisation and fight desertification. 
For example, overgrazing is one of the commonest causes of conditions that favour 
erosion, and reduction of heads of cattle be perfectly possible without loss of meat 
or milk (through better strains of cattle), but the driving force of social status is depen-
dent on heads rather than weight. 
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To replace deep habits and values with new values and practices is, again, to innovate 
and in most societies will require the influence of local leadership. The appropriate 
institutional patterns will probably resemble those shown in Figures 4, 5 and 6 above. 
This applies to any of the techniques involved (which are not being carried out already) 
including tree planting. 
Conservation measures are also undertaken, of course, at a wider systems level, in-
volving the protection of uncultivated, but often grazed, foothills and hillsides. They 
are also an important part of watershed management and, wider still, river basin 
management. At these levels, the 'land manager' is very often a state, or at least public, 
organisation and a good practice is that the protective organisation and the land 
manager agree on the measures to be undertaken, while specialist organisations, like 
civil engineers or foresters, actually carry out the works (Fig. 6). 
With this kind of institutional pattern, it is likely or even desirable not only that 
foresters will be involved in the execution of the forestry activities, but that they will 
be included in the land manager's organisation and in the protective organisation, ex-
ercising a powerful influence on policy and operation decisions. 
Ornament, recreation, national and wild-life parks 
This is a collection of rather disparate forestry activities, where the value of the 
forest is to be there, rather than produce something tangible. 
In the case of ornamental forestry, the 'land manager' nowadays is usually a 
municipal authority, probably capable of solving the problems of funding and protec-
tion, but needing technical advice on species selection and the supply of seedlings. The 
forestry role here is that of a consultant. Where it is desired to motivate other, urban 
or suburban, institutions, that have land, to plant ornamental trees on it, again it is 
for 'city fathers' to do the motivating and for a forestry contractor to do the work. 
Recreational forestry, national parks and wild-life parks are usually on a rather large 
protective 
organization 
advice land manager 
land protection 
measures 
Fig. 6. Possible institutional model for large-scale protective afforestation. 
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scale. The forestry task is to maintain a natural forest area in good condition. It will 
involve tree doctoring, protection from disease, care of the weaker species, regard to 
wildlife food preferences, etc.... Regeneration is usually natural. Where planting is 
concerned it will probably be enrichment planting rather than stand planting and sub-
ject to another set of conditioning factors that apply to raising plantations. 
In these cases, the land manager will need the advice of the forester, either as a con-
sultant or within his own organisation. 
Conclusions 
1. Large-scale forests, designed or designated as sources of supply to wood industry 
or industrial-scale energy users, are better managed with a corporate structure (public 
or private sector), which is not subject to the same administrative constraints as a 
public administration and is better adapted to deal with environmental and demand 
variations. 
2. The main problems with growing trees for small-scale energy use, rural domestic 
use and farm-level soil and water conservation are: 
- fragmented land tenure; 
- the idea is often seen as innovation by the local land manager. 
The need is for 'salesmen' or 'idea-bearers' to bring about a revolution in the thinking 
of a multitude of small land managers, working with local leaders of various kinds 
(e.g. traditional/tribal, high status people, etc.... ). This work is best organised outside 
the structures of government. 
3. The larger system conservation activities, such as large-scale soil and water conser-
vation and large parks for recreation or wild-life protection, involve many different 
disciplines, of which forestry is an important one. The challenge is to ensure that 
decision-taking is genuinely multi-disciplinary. The lead organisation should not be 
associated with any one of the disciplines - it should be more ecological in its ap-
proach - concerned with the interactions between the different systems. 
4. Small-scale ornamental and recreation forestry is usually under the control of a 
local organisation, often a municipality. The forestry organisation should act as an 
adviser and contractor in this situation. 
The institutional implications of recent societal dynamics 
Key roles played in f orestation activities 
In order to analyse the major problems met with when carrying out afforestation 
or tree planting activities, 12 different dominant end-uses were considered. Table 1 lists 
them, together with an indication of the primary characteristic of the leading ac-
tor/manager. What the bodies in that list have in common are (1) a degree of power 
over the land and (2) a power of decision. 
In the next column of Table 1 the role played by professional forestry is analysed. 
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Table 1. Analysis of key roles in afforestation and tree planting. 
Dominant end-use Leading actor/managers 
characteristics 
Role of the forestry 
profession 
executory support 
State 
regulatory 
role 
(i) 
Industry 
.Energy-large scale 
Domestic-urban 
(ii) 
Energy-small scale 
Domestic-rural 
Soil and water 
conservation -
small system 
(iii) 
Soil and water 
conservation -
small system 
Recreation-large scale 
National parks 
Wild-life parks 
(iv) 
Ornamental 
Recreation-small scale 
Corporation 
Corporation 
Corporation 
Small land manager(s) 
Small land manager(s) 
Small land manager(s) 
Ecological administration 
Ecological administration 
Ecological administration 
Ecological administration 
Municipality 
Municipality 
X 
X 
X 
-
-
-
X 
X 
X 
X 
X 
X 
-
-
-
X 
X 
X 
-
-
-
-
-
-
X 
X 
X 
-
-
-
X 
X 
X 
X 
-
-
Such professional forestry has a role to play, of course, in each case. In the large-scale 
operations, the profession has to take an active executory role and manage the opera-
tions to be carried out. The profession must also play this role when assisting 
municipalities with ornamental and small-scale recreation forestry. The point here is 
that the main task is to run the city; the trees are definitely in the position of a subor-
dinate system. In practice, some municipalities employ foresters or general gardeners 
with forestry knowledge, while other municipalities prefer to contract the work out to 
a specialist organisation. 
The tree management activities in the second group are in another case. Small-scale 
land managers can rarely afford to pay professional foresters to carry out the work. 
Here, professional foresters have to organize support arrangements, like technical ad-
vice and nursery services to assist the non-professional forestry land-manager. 
Before the question of the regulatory role of the state is taken up, a special set of 
cases, not yet discussed, should be mentioned. The cases concern the planting of trees 
beside roads, railways and canals. The dominant end-use is here hard to define. Orna-
ment, soil conservation and small-wood supply are often inextricably linked. But in 
such cases the land manager is usually a branch of government and able to hire profes-
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sional services, either for the planting operation alone or on the basis of a longer-term 
contract including maintenance. It may be superfluous to remark that in these cases 
the major problem is often to protect the trees from theft and grazing. 
In most countries, forestry legislation exists which stipulates 'good forest manage-
ment' practices. In many countries, too, the supply and transportation of timber is 
subject to control, as part of a system either of protection from theft or of industrial 
planning. The enforcement of such legislation and controls is commonly the task of 
a public forestry administration. This regulatory role is proper to government and of 
extreme importance in large-scale afforestation programmes. It does not need to be 
applied in the case of smaller-scale municipal programmes, where the municipality 
may itself be supposed to be self-controlling. Nor is this type of regulatory role ap-
plicable to small land managers, since, if they have realised the value of planting trees, 
they will presumably see the value of protecting them and bringing them to a state in 
which benefit may be derived from them. 
To conclude, what we are observing is an increasing differentiation of the roles being 
played by professional foresters. This, of course, requires and increased differentiation 
in the institutional arrangements. It will require courage on the part of some ministers 
to ensure that these institutional changes are brought about in time. One of the main 
tasks will be to re-define the place of the PFA. / 
Towards a new pattern of public administration in forestry 
For a variety of different historical reasons the majority of countries have a public 
forestry administration of one form or another. In nearly all cases the original task 
of the PFAs was to conserve and protect forests which had been declared State proper-
ty, often for strategic and/or economic reasons. Speaking of India, 'the ethos of con-
servation and protection is strong in the Forest Service even today, as is the alienation 
of tribals and other village communities dependent on forests' (Chowdhry, 1983). The 
same is largely true of PFAs around the world, which were set up in Asia between 1855 
(India) and 1920, in the Pacific in the 1930s and 1940s (Palin, 1980b), in Africa at wide-
ly varying dates from 1900 to the 1960s and in Latin America 'Since 1920' (Prats 
Llauradó & Speidel, 1981). 
It is a remarkable fact that in spite of being created at different times and in widely 
differing socio-economic conditions, the vast majority of PFAs share a common 
culture, the conservation paradigm (Palin, 1980b). Broadly, 3 factors have been at 
work in bringing this about: first, as applies to any profession, a set of shared values 
among those who enter it; second, the values have been propagated and protected by 
a professional education system which, by the nature of the subject, has had strong 
international linkages; third, in country after country it has been the PFA which has 
been by far the largest employer of professional foresters, sometimes almost the only 
one - and this has also meant that the educational system has in turn been largely 
geared to the needs of the PFAs (Fig. 7). 
The core tasks for which the typical PFA were designed, consisted of: 
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Fig. 7. The needs of public forestry administration (PFA) tend to dominate the forestry profes-
sion and education system. 
- conservation and protection of the state forests, 
- advice on forestry policy and legislation, 
- enforcement of forestry legislation and regulations (including collection of dues). 
And for many decades most of them had a very distinguished record in carrying out 
these tasks. In addition, they came involved in varying degrees in setting up and runn-
ing the forestry educational and research activities. Also the PFA was given the task 
of selling timber from the state forests. Many different systems were devised, ranging 
from selling on the stump by auction to granting long-term concessionary rights for 
exploitation. This is not the place to go into the details. What can be said about all 
of them is that they were administrative systems rather than commercial ones. That 
is to say that from a marketing point of view they were passive systems ('Here is the 
raw material - come and get it if you want it'.) A commercial system would, of course 
be discriminating in the market and seek long-term relationships with 'good' 
customers, constantly seeking ways of improving the quality of the goods supplied and 
the services around them. The only visible move in this direction was the widespread 
undertaking of utilization research as a support service to industry. The business rela-
tions themselves remained administrative and were often supported by a position as 
monopoly supplier. Regarding the raising of commercial plantations, the misfit bet-
ween commercial requirements and administrative structures was described above. 
The core tasks of the PFAs required social passivity, holding the people at arm's 
length; they even encouraged social isolation. Yet in the 1970s 'social forestry' tasks 
also were thrust upon the PFAs. It is not difficult to imagine the resulting difficulties. 
Individual officers saw the need for such activities and often much money was made 
available for them. But the only way the structure would allow them to act was ad-
ministratively, while the situation demanded partnership - some kind of joint venture 
- with farmers, landless and groups of various kinds of poor people. 
The PFAs have sought to meet the new commercial and social challenges with trai-
ing courses and new structures, but the results have not been encouraging. The process 
of changing the ethos of an organisation is slow. Today we see in some countries the 
realisation that new institutions are needed to meet the new needs. Some commercial 
plantations have been transferred to corporations (e.g. India, Indonesia, Sri Lanka). 
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Some environment protection tasks have been transferred from the PFAs to other 
agencies (e.g. Philippines, India). This trend will continue, for it is now rarely possible 
to manage land purely with forestry interests in mind. The days of forest isolation are 
past. There are ever more system interactions and overlaps (social, economic, physical) 
which demand a multi-disciplinary approach to management, possible to achieve only 
in institutions created with the end-use in view. For example, many industrialized 
countries, and now India (1982), have found it expedient to set up Departments of the 
Environment to gather together the knowledge of different systems and disciplines, 
often taking land-use as the basic reference. 
These changes are not necessarily to the short-term advantage of those in the PFAs, 
for their role will diminish. The fact that it is an inevitable process is no consolation. 
Towards a more liberated forestry profession 
The close links between the forestry profession and the PFA in many countries has 
led to a virtual identification of the two. It would therefore be surprising if the profes-
sion had not to some extent accepted the constraints of national forestry policy as its 
own, rather than act as an independent force seeking the improvement of forestry 
policy and practices. ' 
Another sign of this identification between the PFA and the profession is that 
demands have, by extension, been made on the profession to follow the same path of 
diversification as the PFAs. Consequently the forestry curricula at all levels have been 
filled with new subjects: economics, sociology (yes!) and extension theory. Interesting 
as these subjects are, they are inevitably distractions from the basic subjects relating 
to forestry science and forest management. Many forestry educationalists have ex-
pressed concern at the risk, and even the fact, of dilution. 
As institutions develop which can absorb many diciplines, it is possible for each of 
those disciplines to progress in depth - indeed, for a good multi-disciplinary result, 
it is necessary that they should. No longer confined to one institution, professional 
foresters will be found playing important roles in many different kinds of institutions. 
But they will be playing the role of foresters, with fewer distractions than at present. 
At the same time they will have a richer, more varied, set of career path options. In 
particular, they will be able to concentrate their knowledge and energies on the central 
contribution they have to make to afforestation and tree planting. 
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Summary 
Extension and training is a continuing process of transfer of information required for im-
plementing a particular programme at a particular time. Forestry extension poses two special 
problems. First, a long period must elapse before improved forestry practices produce benefits; 
secondly, communal custody and management of forests can only succeed with the consensus 
of, and concerted action by, entire communities. This paper is largely based on experiences in 
Nepal. A good institutional basis is recommended to support community-oriented forestry ac-
tivities and should include appropriate policy and legislation, a positive attitude of potential 
beneficiaries and adequate staffing of the implementing agency. An initial strategy for exten-
sion and training is described, together with the need for a continuing modification based on 
participatory evaluation by those directly involved in field implementation, both government 
staff and actual or potential beneficiaries. A comprehensive package activities and support 
materials designed for different target groups is described. Monitoring and evaluation of the 
programme has indicated a considerable increase in knowledge and interest among the 300 par-
ticipating villages. Much of this can be attributed to implementation of field extension and 
training. 
Keywords: Forestry development, education, communal forest, Nepal 
Résumé 
La vulgarisation et la formation pour la foresterie communautaire 
La vulgarisation et la formation sont décrites comme un procédé permanent de transfert de 
connaissances et d'informations qui sont nécessaires pour la mise en oeuvre d'un programme 
déterminé à un moment déterminé. La vulgarisation forestière pose deux problèmes spécifiques: 
premièrement, une longue période doit s'écouler avant que leä pratiques sylvicoles améliorées 
ne produisent des bénéfices et, deuxièmement, la conservation et l'aménagement des forêts ne 
peuvent réussir sans l'approbation et l'action concertée de la part de toutes les communautés. 
Ce document est basé essentiellement sur les expériences acquises au Népal. Une bonne base 
institutionnelle est donc recommandée pour donner appui aux activités forestières com-
munautaires, y compris une politique et une législation appropriées, une attitude positive des 
bénéficiaires potentiels, et un personnel adéquat de l'agence d'exécution. Une stratégie 
préliminaire pour la vulgarisation et la formation est décrite dans le rapport, ainsi que la 
nécessité d'apporter sans cesse des modifications basées sur une évaluation par ceux qui partici-
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pent à la mise en oeuvre sur le terrain, c'est-à-dire, aussi bien le personnel administratif que les 
bénéficiaires actuels et/ou potentiels. Le document décrit également un ensemble d'activités 
diverses et le matériel d'appui destiné à l'usage des différents groups intéressés. Le contrôle et 
l'évaluation du programme ont démontré un accroissement significatif de connaissances et d'in-
térêt parmi les 300 villages participants, ceci étant dû en particulier à la mise en oeuvre de pro-
grammes de vulgarisation et de formation au niveau du terrain. 
Introduction 
Community forestry is a process of developing awareness, knowledge and rèpon-
sibility for forestry among social units that have an existing or potential benefit from 
the presence of forests and trees in their neighbourhood. 
Establishing village woodlots and private planting are usually quoted as being the 
main community forestry activities. Direct benefits, from these activities however, 
often take 10 years or more from planting and it is difficult to maintain interest for 
such a long period. In this paper we have included a description of additional activities 
to bring early returns to the people and encourage an early and sustained interest in 
community forestry. They are the management of existing forests as a resource 
benefiting the people, grass cutting for stal feeding from plantation areas and the in-
troduction of efficient wood-stoves. 
Considerable attention has been given to the new requirements for extension and 
training in forestry, most recently at the FAO/SIDA Seminar on Forestry Extension 
held in Semarang, Indonesia, in January 1982 (FAO, 1982). 
The present paper will describe strategies and programmes applicable in many 
developing countries. Most of these are based on experience in the Government of 
Nepal's 3-year old Community Forestry Development Project, which is supported by 
the World Bank, United Nations Development Programme (UNDP) and FAO. The 
major objectives of the project are: 
- to establish 12 000 ha of new forest plantations; 
- to bring 40 000 ha of existing forest under improved management; 
- to distribute 1 million seedlings; 
- to introduce 15 000 improved stoves; 
- to create, in general, a greater responsibility for forest management and forest pro-
tection among people of the hills of the country. 
The legal and institutional framework 
Policy, legislation and programmes 
Most Governments have a national policy on forestry and the accompanying 
forestry legislation. In addition the national development plans reflect a government's 
priorities in the various sectors. An analysis of these documents will reveal the political 
and administrative commitment towards particular forestry components. If legisla-
tion facilitating community forestry activities is not available, it is doubtful whether 
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extension programmes can be carried out effectively. In Nepal, the 1978 Panchayat 
Forest and Panchayat-Protected Forest Rules and Regulations allow for national forest 
lands to be handed over to the care of rural communities, seeking at the same time 
their active participation in reforestation and forest protection work. Private planting 
was not included in this legislation and requires separate treatment to dispel fears that 
the Government would take back privately established forests. 
People's attitude towards forestry 
Depending on the scope and extent of a particular community forestry programme, 
the extent of an assessment of people's interest in forestry will greatly vary. Field visits 
and discussions with villagers on an ad-hoc basis may be sufficient for purposes of 
initial project design but a detailed random household survey in project areas is highly 
desirable. Impressions from field visits by Government officers are usually based on 
discussions with village leaders and the economically better off. 
A socio-economic survey carried out by an independent organization specialized 
in rural survey work avoids the initial apprehension and suspicion with which rural 
people often regard Forest Department staff, who are identified with policing and con-
trol functions. Much literature on forestry extension pays attention to the róed to per-
suade people to protect forests and plant trees. In 25% of the communities visited in 
Nepal, however, a local forest management committee already existed; more than 90% 
of those interviewed felt the need for forestation; and 85% indicated that grazing lands 
in their community could be made available for forestation purposes. The same survey 
revealed, however, that many people did not have sufficient knowledge of the Govern-
ment's policy and legislation on community forestry nor of the availability of seedlings 
free of charge. 
Structure and staffing of Forest Departments 
The 1982 FAO/SIDA Seminar on Forestry Extension discussed at length the advan-
tages and disadvantages of creating separate Extension Wings in existing Forest 
Departments, the inclusion of forestry in the task of agricultural or rural-development 
extension workers, and the role of non-governmental organizations. In many coun-
tries, Forest Departments are among the few agencies with a field organization 
reaching out into the most remote areas. Unfortunately, out of necessity to protect the 
nations forest wealth, staff of Forest Departments often-had to act as police. This has 
led to the view that there should be a separate extension wing or division solely respon-
sible for community forestry. However, the lack of manpower and funds precludes the 
establishment of a new organization with a full complement of posts and separate 
logistic and administrative support for forestry extension. 
In Nepal's Hill Community Forestry Development Project, HMG has opted for us-
ing the existing field organization to implement the field programme. However this has 
been supplemented with the deployment of Community Forestry Assistants (CFA's), 
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a new cadre of field workers who carry out only Community Forestry activities, 
without 'territorial duties' nor power to arrest people. The Divisional Forest Officer 
meanwhile, has been given dual responsibilities for territorial and community forestry 
activities. 
At the village level, implementation of the programme is undertaken by the village 
leader, a Forest Committee, and Panchayat Forest Foremen (PFFs) and Panchayat 
Forest Watchers (PFWs). None of them are Government workers; although the PFF's 
and PFW's salaries are met by the Forest Department, these workers report and are 
responsible to the village Panchayats. 
To support this field programme, a small nucleus of technically specialized foresters 
has been formed in the Forest Department. This new entity, the Community Forestry 
and Afforestation Division, has the following five major units, each of which is 
responsible for a particular component of the programme (Fig. 1): 
1. Community forestry unit, responsible for silvicultural and ecological work, and 
for technical and logistic support to field activities. 
2. Afforestation unit with wider responsibilities than community forestry, i.e. it also 
covers plantations in the national forests and is mainly responsible for the collection 
Ministry of Forests and Soil Conservation 
5 other 
departments 
training wing 
forest department 
3 other 
divisions community forestry and afforestation division 
community forestry unit 
afforestation unit 
motivation and education unit 
stove improvement unit 
monitoring and evaluation unit 
forest division (DFO) 
community forestry 
assistant (CFA) 
stove promoter 
panchayats : 
pradhan pancha 
forest committee 
panchayat forest foreman 
panchayat forest watcher 
stove installer 
Fig. 1. Organization of Nepal's Community Forestry Programme. In each forest division there 
are 6 community forestry assistants each serving 4 panchayats. 
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and distribution of tree seeds. 
3. Motivation and education unit, responsible for training and extension activities. 
4. Stove improvement unit, which designs and tests more efficient wood-burning 
stoves and subsequently introduces them in project areas. 
5. Monitoring and evaluation unit, responsible for monitoring project progress and 
evaluating project impact; assessing major socio-economic factors affecting com-
munity forestry; and assisting in the preparation of annual work plans. 
In addition a Special Training Wing was established in the cental office of the 
Ministry of Forests and Soil Conservation to coordinate and organize the in-service 
training of Government staff. 
Strategy for extension and training 
Once a satisfactory legal and institutional framework has been established and the 
needed resources allocated, a strategy for staff training and extension has to be devis-
ed. A few basic questions have to be answered before pursuing particular training and 
extension strategies: 
- Who needs to be trained at various staff levels? 
- Which subjects have to be learnt? 
- Who are the main target groups for extension? 
- What are the main messages to be carried by extension? 
- What level of technology is possible or desirable when setting up training and ex-
tention programmes? 
Some guidelines 
In Nepal, certain guidelines were used as a basis for building up the extension and 
training functions. These premises, adopted from experience over a number of years 
in different Asian countries, are as follows. 
The Department's network of field workers is the single most important channel of 
forestry extension. They are the persons living among the potential beneficiaries of 
the programme and would provide the services and disseminate information on the 
Government's new forest policy. 
A capability must be developed to support extension and training activities. Thus, 
the Motivation and Education Unit of CFAD must be geared mainly to the following 
tasks: 
- developing technical forestry and extension materials to serve as reference for staff 
at various levels; 
- developing training materials or teaching aids for use by staff who assume training 
roles; 
- developing communication-support materials and methods for use by field staff 
in extension work with villagers; 
- to a limited extent, using the mass media (mainly radio) to support field extension 
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work. 
Extension and related subjects must be integrated into the whole forestry staff train-
ing system. This applies both to the formal forestry degree or diploma curricula of the 
University or Forestry Institute, as well as to any pre-service or in-service training pro-
grammes. 
Assessment of staff training needs 
Staff training is a crucial function, particularly for a new programme like communi-
ty forestry. The training needs of the different levels of staff vary considerably and 
should be assessed on: 
- the job descriptions of staff in different categories; 
- the previous training they have had; 
- the actual needs of the programme, particularly those in the field. 
Priority areas for staff training were identified soon after the beginning of the Nepal 
community forestry programme. This was largely by early participatory evaluation of 
the field programme by the field staff engaged in implementing the project. Also, in 
the early stages of the project, meetings were held with professional and technical staff 
at least twice a year in which various constraints to effective implementation were 
identified, including those that could be solved through staff training and extension. 
During these assessments and problem-solving activities, the project obtained the 
assistance of the UNDP Asia and Pacific Programme for Development Training and 
Communication Planning (DTCP) based in Bangkok. This team of specialists in com-
munication and training advised on methods and materials in the training and exten-
sion fields. 
The first needs for training and extension were programmes and materials to 
strenghten the technical knowledge on raising seedlings and establishing plantations, 
and to increase the knowledge and understanding about the new community forestry 
policy and legislation among the rural population. 
The main target group for training and extension were the rural population in-
cluding the forest workers, and potential beneficiaries and participants in the pro-
gramme. The very low level of literacy in Nepal (20%) was kept in mind in developing 
the extension and training programmes. 
Once it was decided who should be trained for field extension, the next step was to 
identify who would be the trainers and extension agents. Considering both the large 
number of trainees and the extreme remoteness of most of the project areas, it was 
decided that the Divisional Forest Officers and the Community Forestry Assistants 
would be the most important persons to carry out the training and extension func-
tions. 
Discussions with forestry officials and staff at various levels revealed that, being 
technically trained foresters, they knew a lot about trees, but very little about working 
with people. Traditional or standard extension methods were unknown to them, and 
participatory approaches to mobilizing villagers (the corner-stone to the community 
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forestry programme) were completely alien to them. 
It was therefore concluded that extension methods should form a major part of the 
in-service training of all the central units of CFAD, the DFOs and CFAs. The CFAD 
Motivation and Education Unit staff additionally needed training in communication 
planning and development of materials. 
As DFOs would also be responsible for training the Panchayat Forest Foremen and 
Panchayat Forest Watchers in their respective Divisions and for managing the field 
programme, it was decided to give them training not only in extension but also in how 
to plan and conduct training, and in work planning and management. 
Since PFFs and PFWs were selected villagers without formal training in forestry, it 
was decided in the first instance to train them in the technical aspects of their work, 
i.e. nursery operations and establishment of forest plantations. However a general in-
troduction on the main policies and objectives of community forestry was included 
in their training from the very beginning. 
Implementation of extension and training 
Extension and training may be viewed as a continuing process of transfer of 
knowledge and information required for implementing a particular programme at a 
particular time. There are usually 5 major groups which should be the targets of this 
transfer process: 
- government officers in charge of implementing the programme; 
- village-level workers responsible for seedling production and plantation establish-
ment and management; 
- potential beneficiaries at the village level, i.e. rural families; 
- village leaders and district officials; 
- general public, including women and children. 
A variety of training acitivities were carried out, including simple orientation 
seminars, study tours, and classroom and field training. The following is a summary 
of these activities. 
Government professional and technical staff 
The Divisional Forest Officers (DFOs) are the key people who have the ad-
ministrative, financial and technical responsibility for implementing the programme. 
Together with staff of the central office (CFAD) and other senior officers, they par-
ticipated in meetings where the original project design was developed. Subsequently 
they attended orientation and refresher seminars and took part in study tours to com-
munity forestry projects elsewhere in the Asia Pacific region. They have also followed 
short-term training courses in the techniques of training and extension, and in work 
planning and personnel management. Annual meetings are held with all professional 
staff to discuss outstanding problems as well as new approaches developed at the cen-
tre based on earlier feedback from the field. 
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The Community Forestry Assistants (CFAs) have a basic training of two years in 
forestry. On appointment as a CFA, they follow a 3-week orientation training, which 
introduces them to their specific extension tasks but also to the reporting systems for 
monitoring and evaluation, and to the use of all technical and communication 
materials. Once a year all serving CFAs receive a refresher training on special subjects 
determined in close consultation with the DFOs, CFAD staff and the Training Wing. 
The most recent refresher training, for example, concentrated on the preparation of 
management plans. Special courses are held for intermediate staff as stove promoters. 
Village-level workers 
To encourage villager's participation in the programme, it was decided to employ 
people from the participating panchayats as Panchayat Forestry Foremen (PFF), 
responsible for the nurseries, and Panchayat Forest Watchers (PFW), responsible for 
the plantations. They are usually farmers with no knowledge or experience in forestry. 
Their initial training therefore concentrates on technical aspects (Fig. 2). In subse-
quent years, more attention is given to their extension task. They are trained by DFOs 
and CFAs, who use a set of simple teaching guides and materials developed by the pro-
gramme. These materials take into account the relative inexperience of the trainers as 
well as the low education of the trainees. Training aids and support materials are 
Fig. 2. At least half of the training of nursery foremen is practical work in the nurseries. 
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Table 1. PFF/PFW training and support materials. 
Training support Training course for PFF/PFWs - a training planning guide 
Nursery and plantation flipcharts (37) 
Filmstrip on nursery establishment 
Technical support Manual on nursery and plantation practices 
Seed-collection booklet 
Seed-collection and seed-sowing calendar 
Plantation leaflet 
Administrative support Nursery-operation plan 
Nursery register 
Distribution register 
Plantation register 
Visitor's book 
shown in Table 1 and Figure 3. 
Many programmes involved in the introduction of improved stoves in developing 
countries seem to suffer from quality control and lack of widespread acceptability. In 
Nepal, various projects have opted for the introduction of ceramic stoves, which can 
be made by local potters with traditional methods. The training of the potters is done 
by a few other potters, who received intensive training from consultants of the British 
Intermediate Technology Development Group (ITDG) and staff of the Tribhuvan 
University of Nepal. Quality control can be done on site before distribution starts. It 
is expected that this component of the community forestry programme will give a 
boost to one of the traditional cottage industries. Laboratory testing and people's 
response both indicate a wood saving of about 35%. 
The stove installers are expected to install the improved stoves in the houses of peo-
ple requesting them. They make sure that all components fit and that the users are pro-
perly instructed in the maintenance of stoves. They receive a one-week training course, 
emphasizing the practical aspects of installation. A stove-installation manual is also 
provided. 
Rural families: field extension 
Extension services were originally established in agriculture to help farmers increase 
their income and raise standards of living by improving farming practices. Forestry ex-
tension essentially adopts the same objective and can use many of the methods used 
in agriculture. However, forestry extension and in particular community forestry ex-
tension in Nepal poses two special problems not commonly found in agricultural ex-
tension. The first is the long period that must elapse before improved forestry practices 
produce benefits. Where agricultural crop calendars can be measured in a few months, 
it takes years or decades for trees to deliver their rewards. 
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Fig. 3. Example of training support material: a box containing 37 flincharts on th,. „ , w ». 
Secondly communal custody and management of forests can only succeed with the 
consensus of and concerted action by entire communities. In agriculture an « S on 
3 u i m o f f " bC P ° i n t e d t 0 W a r d S SUCC6SS b y i n i t i a U y C O n v i n c i ^ « * aSng on y a handful o farmers to try new practices on their farms. In Community Forestry such 
Ta e^o Z t T C d r n d e d UP°n- * Wm n0t d° for a handful of Sediat d 
villagers to plant tree seedlings in a communal forest, only to be trampled on the next 
day by cattle being grazed by other villagers. 
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Ultimately, however, the programme will only succeed to the extent that it can gain 
the whole participation of the hill communities. The style of extension work must 
therefore be entirely participatory, from the time the villagers are made aware of the 
programme through planting of trees and finally to community management and use 
of forests. The programme is orienting field staff towards this style. Some of the ap-
proaches to field activities are as follows. 
Selection of project panchayats Initially, a number of criteria were used to select 
panchayats to be included in the programme. Those with an acute problem of 
fuelwood and fodder supply and, wherever possible, with some demonstrated 
capability for community action, are favoured. In panchayats likely to be selected, the 
DFO or CFAs hold discussions not only with the Pradhan Pancha (Panchayat head-
man) but also with the leaders and people in various wards which are the true com-
munity units making up the panchayat. Discussions on the need for forest products 
are held, the community forestry programme is explained and questions are answered. 
As the programme developed, more and more panchayats applied for participation 
based on the demonstration effect of panchayats already participating. In those Divi-
sions where the nurseries and plantations were functioning well, the demand for them 
by other panchayats within those Divisions has surpassed the annual target of five new 
nurseries per year. Therefore, it should be stressed that the single most effective exten-
sion tool is good programme performance in the field. 
Communication campaign Once a panchayat is selected, the CFA undertakes a cam-
paign to explain the programme to leaders, villagers, school teachers, and other groups 
in the panchayats. He underlines the importance of forests to people - including the 
less obvious relationships to water supply and farming. He clarifies the responsibilities 
of the government and of the village people under the programme, as well as the legal 
and other aspects of the new policy. He tries to allay fears that the communal forests 
may be taken back by the Government later. 
In all these matters, the CFA's attitude should be one of sharing new information 
and explaining the similarity between the aims of government and those of the 
villagers. At the same time, he makes it clear that the people do have responsibilities 
and that the programme cannot succeed without their concerted action. A variety of 
extension activities and aids are being used in the communication campaigns. They 
are listed in Table 2. 
Institutionalizing Community Forestry A vital goal of any rural development pro-
gramme should be to build up the capacity of rural communities for self-reliance. In 
the Community Forestry Programme, one way of moving toward this goal is by en-
couraging village panchayats to form Forest Committees. If properly oriented and 
trained, the Forest Committee can eventually take the initiative in local forestry mat-
ters, thereby representing the ultimate in institutionalizing forestry at the village level. 
To facilitate the formation and training of such committees, the programme has 
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Table 2. Extension activities and support materials. 
Extension activities Face-to-face communication with villagers 
Panchayat meetings 
District meetings 
Weekly radio programme at national level 
Lectures at schools 
Study tours for village leaders and social workers. 
Supporting materials Extension flipchart - 20 charts facilitating discussing the problems 
and possible solutions. 
Extension booklet - Explains in simple language new forest policy 
and possibilities to benefit from it. 
Posters - Featuring project's logo and different other messages. 
Signboards - At nursery site indicate nursery belongs to the villagers 
and seedlings are free of charge. 
School wallchart - A combination of a folder (for teachers) and wall 
chart (for students) explaining importance of forests. 
Filmstrip - Encourages women to collect and plant fodder trees. 
T-shirts - A green T-shirt with logo for nursery foremen, watchers and 
HMG staff. 
Leaflet - A one-page information note on the programme for distri-
bution at meetings. 
established the procedure that nursery-operation plans and forest-management plans 
should be prepared with the involvement and agreement of the Forest Committee in 
project villages. 
Selection of sites for nurseries, panchayat-protected forests (PPFs) and Panchayat 
forests (PFs) DFOs and DFAs advise on the characteristics of good sites for 
nurseries, Panchayat Forests and Panchayat-protected Forests, but it is the people and 
their leaders who should agree and decide where these are to be planted in the pan-
chayat. Field staff should be on the lookout for vested interests in certain areas, par-
ticularly if only a few individuals recommend these. 
Operation of nurseries Villagers should be made to feel that the local nursery is their 
nursery. Although a PFF is officially responsible for it, the people should be encourag-
ed to visit and obtain seedlings there. Seedlings are provided free of charge and many 
people make use of this service. Villagers should also be encouraged to collect seed 
or otherwise participate in stocking and maintaining the nursery - if possible with 
voluntary labour - so that they have a real stake in it. One way to encourage the PFF 
to seek the villager's participation is the preparation of a nursery-operation plan, 
which should be prepared by PFF, CFA and Chairman of the local Forest Committee. 
Private planting The possibility of obtaining seedlings from the nurseries for private 
planting is a motivating factor for villagers to participate in the programme. Tradi-
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tionally many trees are already integrated in the farming system. The preferred species 
are, however, difficult to propagate and the nurseries can play an important role in 
raising seedlings with more care than an average farmer without any technical training. 
Nurseries can also serve to introduce new species. Seedlings are distributed free of 
charge to encourage planting on private land of as many people as possible. Because 
of the private planting, people are expected to become interested in the other com-
ponents of the programme too. 
Preparation of forest management plans Contrary to standard practice in the past, 
forestry field staff should not prepare management plans for Panchayat Forests and 
Panchayat-Protected Forests by themselves in their offices. A management plan for 
a communal forest can only be implemented successfully if the community feels it is 
their plan. Therefore, the plan emerges only after intensive consultations with the peo-
ple and their leaders. DFOs and CFAs should provide technical guidance on good 
forestry practices, but the people should agree on what tree species should be chosen 
and when; where and how many trees should be planted; how planting should be 
organized, and what protection measures should be undertaken; when and how forest 
products are to be exploited; etc. Particular attention must be paid to how the communi-
ty's present needs for fuelwood an fodder can be met (for instance, there is ä pressing 
need to promote fodder grasses and legumes, as well as stall-feeding of livestock). 
The management plan therefore becomes a contract between the government and 
the villagers, and is signed by the Pradhan Pancha, the Chairman of the Forest Com-
mittee and the DFO. 
Installations of stoves The success of the present design for an improved stove is such 
that little promotion is needed to get it adopted by people. Extension and training 
therefore focuses on stove maintenance and cleaning. Stove promoters and installers 
should, however, be alert for complaints or suggestions from users of the stove. 
The management plan therefore becomes a contract between the government and 
the villagers, and is signed by the Pradhan Pancha, the Chairman of the Forest Com-
mittee and the DFO. 
District and village leaders 
With a rapidly expanding programme, senior staff cannot supervise all work per-
sonally nor can the DFO attend all village meetings. As community forestry is a com-
pletely new concept, the most junior staff might still lack some confidence and 
villagers may continue to have some reservations. To ensure that proper information 
reaches policy makers, annual workshops are being held in the District Headquarters 
where leaders of participating panchayats and district officials can raise any issue 
related to community forestry and receive an authoritative statement from the DFO 
or representative of central CFAD. Usually a district meeting consists of 3 days, in-
cluding a one-day field visit to a nursery and plantation. The meeting ends with a set 
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of recommendations, which makes it another type of participatory evaluation, in-
dicating which aspects of the project need more attention. Study tours for village 
leaders are being organized to acquaint them with successful activities of the pro-
gramme elsewhere in the country and to create interest in new species or new com-
ponents of the programme, e.g. the introduction of new stoves. 
National information 
A publicly supported programme such as community forestry must recognize the 
importance of creating and maintaining a socio-political environment in which the 
programme is nationally understood and supported. 
For this reason, the Community Forestry programme in Nepal undertakes efforts 
to create general awareness of the importance of forests and the new policy and legisla-
tion on community forestry and to inform the public, including government leaders, 
of the activities and accomplishments of the programme. The following methods have 
been used in this work: 
- broadcasting relevant information by radio; 
- articles in newspapers, including special supplements; 
- participating in special national occasions such through tree-planting ceremonies; 
- filmshows on forestry subjects; 
- distribution of stickers and posters on community forestry; 
- distribution of wallcharts for schools; 
- cooperation with youth organizations; 
- cooperation with women's organizations; 
- round-table discussions on the radio. 
Monitoring and evaluation 
Training and extension activities are monitored and evaluated as part of the pro-
gramme's overall monitoring and evaluation system. Although the main responsibility 
for operating this system rests with CFAD's Monitoring and Evaluation Unit, various 
formal and informal methods are employed to obtain feedback, and almost all pro-
gramme staff can play a role. In addition, the Motivation and Education Unit and the 
Stove Improvement Unit have, of course, a special interest in the progress and impact 
of training and extension activities. 
There are three categories of indicators used to assess the effectiveness of training 
and extension activities by the programme: 
- the extent of distribution and use of training and extension materials by the staff; 
- the extent of training activities and their effectiveness in terms of job performance 
of staff trained; 
- the impact of extension and training activities among villagers in terms of their 
knowledge of and participation in the programme. 
Much emphasis is given to participatory evaluation by those actively involved in the 
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implementation of the programme. The following illustrates the variety of ways the 
programme has so far employed to monitor and evaluate programme progress and im-
pact: 
- visits by central programme staff to project Divisions, with each division visited 
at least once a year; 
- district, regional and national seminars in which central and field programme 
staff, village leaders, and local government officials discuss programme problems and 
possible solutions; 
- various questionnaires administrated to DFOs, CFAs or expatriate volunteers/ 
associate experts assigned to project divisions; 
- a systematic survey of 900 village households and 180 ward leaders in project and 
control (non-project) panchayats; 
- surveys of seedling survival in 74 panchayat forests and in private plantings of 328 
seedling recipients; 
- survey on use of improved stoves among 690 recipients; 
- information regularly obtained through field reporting forms devised by the 
Monitoring and Evaluation Unit. 
The information gathered through the above methods has been valuable in modify-
ing and strengthening the programme's training and extension activities. Some ex-
amples of findings and how they have been used to adjust the programme are as 
follows. 
Some CFAs were found not to be using the extension flipcharts as frequently and 
effectively as expected due to shyness, lack of skill in using them, or failure to create 
situations where they can be used with villagers. The Training Wing therefore included 
practice in the use of the flipcharts as part of the CFA refresher training. An extension 
manual for CFAs and other forestry field staff is also under production. 
The 1982 survey of 900 households indicated that the level of minimum knowledge 
about the community forestry programme among people in project panchayats was 
double of that in the non-project panchayats. However, about half of the people even 
in the older project panchayats did not know that seedlings were available free of 
charge in the village nurseries. As a result, the programme is now undertaking a more 
intensive communication campaign to publicize availability of free seedlings in project 
villages. 
Surveys revealed that survival rates of seedlings were satisfactory at 70% in pan-
chayat forest plantations and 62% in private lands. The causes of seedling mortality 
were both technical (e.g. poor-quality seedlings, poor plantation methods, wrong 
species) and social (damage by grazing livestock, inadequate care). Therefore, the pro-
gramme is strengthening technical training of CFAs, PFFs and PFWs on planting 
methods as well as emphasizing this aspect in extension work among village people. 
After 3 years of full scale operations, in mid 1983, 355 nurseries were operational, 
3800 ha of new plantations were established, more than one million seedlings had been 
distributed for private planting and 2600 improved stoves had been installed. In addi-
tion, the ownership of more than 10 000 ha of forest land has been formally handed 
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over to local panchayats. These figures indicate that community forestry is largely ac-
cepted both by the government and people as an important step towards preventing 
further deterioration of the Himalayan environment. 
Conclusions 
Although various factors in Nepal pose specific problems for implementing a com-
munity forestry programme, some conclusions can be drawn that would apply also to 
projects elsewhere. 
1. Extension and training cannot be viewed in isolation from technical, legal and in-
stitutional arrangements. 
2. Legal provisions that encourage communal and private planting should be clear 
and easy to understand. 
3. A socio-economic survey of potential beneficiaries can provide useful informa-
tion on knowledge and attitudes towards forestry activities. 
4. Villagers are usually sufficiently aware of the need for reforestation, but not of 
their legal rights, the role of nurseries, and government sponsoring of private planting. 
Extension programmes should therefore emphasize institutional arrangements for a 
good 'receiving mechanism', to bring potential beneficiaries together, for example in 
local forest committees. 
5. Training programmes should emphasize a well functioning 'delivery mechanism': 
the transfer of technical knowledge and legal information to the village level, timely 
delivery of seed and other equipment and sufficient financial and administrative sup-
port to the lowest level of field workers. 
6. A combination of many different programmes and materials is necessary to reach 
the majority of the rural population. Special programmes should be designed for 
women and children. 
7. Responsibility for forestation and protection should be delegated to the regional 
and village level to create a continuing local interest in forestry. Those responsible 
should, however, be supported with adequate technical assistance, extension material 
and planning aids. 
8. Distribution of seedlings for private planting and the introduction of improved 
stoves are a motivating factor to initiate community forestry programmes. 
9. Participatory evaluation by both the intended beneficiaries and field workers 
responsible for implementation is the key to identify constraints and successes at an 
early stage. Both will have an important role in devising training and extension pro-
grammes and materials. 
10. Extension and training is useless unless followed by successful field implementa-
tion of tree planting. Good nurseries, plantations and stoves in themselves will be the 
best motivating factor to continue and expand community forestry programmes. 
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Designing ecologically stable plantations 
E.F. Brünig 
Institute for World Forestry, Hamburg, BRD 
Summary 
Plantation designing in practical forestry has been conventionally dogmatic and sectoral. The 
interdependence between site, structure, functions and dynamics of natural forests have often 
been poorly understood and misinterpreted. Application of principles of assumedly natural 
silviculture produced disappointing results, as did rigid application of narrow optimizing prin-
ciples. New ways of rational crop structuring were developed, which contrasted strongly and dif-
fered fundamentally from conventional production schedules. One major feature was that 
stocking densities were much lower in juvenile and much higher in mature stands than in current 
practice. 
Keywords: Silvicultural system, stand characteristics, forest structure, spatial distribution, 
trees, systems analysis, simulation 
Résumé 
Dessin de plantations écologiquement stables 
Dans la pratique forestière, les plantations jusqu'ici ont été réalisées sur des dessins dogmati-
ques et sectoriels. L'interdépendance entre le site, la structure, les fonctions et la dynamique des 
forêts naturelles trop souvent a été imparfaitement comprise et mal interprétée. L'application 
des principes d'une sylviculture censée suivre la nature a produit des résultats aussi décevants 
que la mise en oeuvre rigide de principes d'optimalisation étroite. Un nouveau dessin est 
présenté pour la structuration rationnelle d'un peuplement forestier, contrastant fortement avec 
les schémas conventionnels de production, dont il diffère fondamentalement. L'une de ses 
caractéristiques principales est une densité du peuplement beaucoup moins forte pendant la 
jeunesse et beaucoup plus forte à l'état mûr, ce qui s'écarte complètement des pratiques 
courantes. 
Definitions and problems 
Design of a plantation is a blueprint for the structure of the stand from establish-
ment through tending to harvest and regeneration. The design includes the floristic 
composition (species mix), the horizontal pattern of distribution of individual trees, 
shrubs and other floristic elements (life forms), the vertical pattern (integrated, 
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layered), and the age and size pattern. Aspects often neglected are the biochemical pat-
terns, leaf size and leaf orientation. Biochemistry and leaves strongly influence the in-
teraction between species and social classes in the stand and control structural 
development, often to the surprise and mostly to the dismay of the silviculturist and 
agroforester (Brünig & Sander, 1983). 
The forest stand as a plant assemblage and ecosystem is an interface between the 
system level 'life-supporting media' and the 'technico-economic level' of forestry 
business. Plantations should be designed in such manner that they function effectively 
and efficiently in converting inputs from the physical environment into desired out-
puts into forestry for transfer into the socio-economic and socio-political levels (Fig. 
1). The problem in practical forestry is that few plantations live up to this. The trouble 
with many designs starts with secured establishment and continues all through the 
'unknown' grey era between establishment and pole stand age. Most of the decisive 
developments have already taken place and the design is beyond repair when yield 
tables begin; in other words, tree shape and stand structure are fixed and future 
developments predestined. 
Natural forest ecosystems as conceptual prototypes 
Life fills any available niches of the biosphere to the limits. Within these limits, it 
adjusts to the environmental conditions by trial and error. Error, random variability, 
directional change of environmental conditions, and rare but severe events cause the 
catastrophes by which species or communities of species adapt, adjust and survive. 
Catastrophes are an essential feature of natural system dynamics (Fig. 2), not only to 
maintain the ecosystem's functionality at an adequate level and to prevent excessive 
negentropy and structural extremes and stagnation, but to maintain dynamic stability 
and ensure survivability. Without such catastrophes life systems would luxuriantly ex-
ceed the limits within which survival is assured. 
Foresters often do not recognize these inherent and essential properties of life 
systems and wrongly assume that natural forest ecosystems possess a persistent stabili-
ty in a state of steadiness or static equilibrium. In reality, natural systems always tend 
to cross the niche's margins. Only catastrophes prevent them from doing so to such 
extent that they would be wiped out and become extinct. This misconception of 
natural forest ecosystems being closed stable systems in a steady state of balanced 
equilibrium has lured foresters into developing a notion of a normal forest in balance 
and a bias toward risk and damage being viewed as unacceptable disturbance of the 
'normality dogma' (Brünig, 1974a). 
The result of this misconception and bias are yield tables that are dogmatic and 
unrealistic, and corresponding crop designs little suited to withstand the harsh realities 
of the forest. A typical example is the ill-conceived notion of 'optimum' stocking den-
sity (e.g. optimum ground area approaching or equalling the hypothetical biologically 
maximum base area for 'maximum' volume yield). Consequently and correspondingly 
impracticable and dogmatic are production schedules. These schedules are standardiz-
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Fig. 1. Hierarchy of models of the interacting system levels: (1) basic life supporting media; (2) 
biological ecosystems; (3) technico-economic systems; (4) socio-political systems. The concur-
rent categories organ - plant - forest stand - forestry - region - world are related to space 
and size. The mode (or state) analysis permits the simulation of effects of changes in attitudes, 
behaviour patterns and 'unpredictable' political events, meta-analysis is a sensitivity analysis 
concerned with changes in factors and processes of the respective levels (for more detail see 
Briinig et al., 1982). 
ed by norms of stand structure at various ages. Stands with such schedules will linger 
critically near the niche margins. This critical fragile state is the logical consequence 
of narrow optimization toward maximum volume or biomass yield. As a result, stand 
ecosystems carry excessively high risks of being overstrained from numerous sources, 
natural and man-made. Many of the schedules in conventional yield tables combine 
high risk with low socio-economic benefits. As a result, they rarely achieve their objec-
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Fig. 2. Simplified and generalized 2-dimensional illustration of the hypothetical course of 
phasic development in boreal coniferous forest and in tropical rain forest. In reality the succes-
sional phasic development is much more complex and intricate. It rarely ever follows the simple 
linear pattern suggested by the drawing but proceeds in a multidimensional dynamic space-time 
frame. The important information in the demonstration is that catastrophic events are integral 
components of the mechanisms of successional development. Both forest formations are 
ecologically open ecosystems. The exchange of matter and energy between ecosystem and en-
vironment fluctuates with the state of phasic and successional development, and is largely 
regulated by features of forest physiognomy and structure. Both ecosystems are in a state of a 
dynamic fluctuating stability, which is more of a persisting type in the case of slow-growing low-
intensity boreal forests and of a more elastic type in the dynamic tropical forest. Both types are 
not exclusive and are subject to constantly occurring catastrophes which in turn control struc-
tural development. Minor catastrophes prevail in the more dynamic systems with more elastic 
stability, major catastrophes are more common in systems with more persistent stability and a 
smaller ratio of through-flows and biomass turn-over to biomass (negentropy) stock. Minor 
disturbance ( ) often advance, major disturbances ( ) set succession back. A, 
building-up phase; R, maturing phase; Z, die-back phase leading through regeneration to a new 
stage of succession. 1 to 4, successional stages from shortlived pioneer phase (1), through com-
plex intermediate phases with rapid growing, moderately long-living light demanding (2) or 
long-living shade-tolerant (3) species to a final stage of somewhat less complex forests of shade-
tolerant long-livers. In reality, this sequence rarely proceeds in this simple and formalized man-
ner (compare similarly simplifying illustrations for tropical forests by Oldeman, 1978). 
tives. Catastrophes are often the only way for the strained system to readjust the im-
posed and unadapted stand structure to requirements of site and system. The high rate 
of salvage in the annual cut in Germany's forests illustrates this point. The same 
critical situation arises in practical forestry in the more common case of habitual dense 
planting, followed by wilful neglect of tending and casual delay of thinning in the 
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absence of an understanding of the basic principles of functioning of forest 
ecosystems. 
An understanding of these fundamental properties of life systems and of the net-
work of interactions between structure, function, dynamics and stability provide 
grounds from which comprehensive 'optimum' integrated forest stand establishment 
and treatment schedules can be developed. 
Guidelines for adapted plantation design 
Adapted design has to consider the following 12 guidelines in order to achieve the 
desired functionality of the forest: 
1. Divert the maximum fraction of available solar energy to crop trees creating the 
highest net value. 
2. Allocate all surplus energy and growing space, not needed for the commercially 
renumerative crop, to ecologically favourable auxiliary vegetation, or possible the next 
crop generation, or both. 
3. Design the stand canopy in such manner that the aerodynamic roughness, diffu-
sion resistance and growing requirements of the trees in the various 'niches' are 
mutually adjusted and suit the site conditions, considering variability and change in 
climate, and the effects of pollutants. 
4. Space your crop to obtain good working conditions, stable trees and rapid growth 
toward the final product; try to reach your goals as fast and safely as possible. 
5. Utilize the vigour of stem diameter and crown growth early in juvenile stage to 
produce commercially attractive dimensions early and with healthy stable sturdy trees. 
6. Regulate the spacing (density and pattern) of the plantation from planting to 
harvest consistently toward the set goals, aiming at keeping rates of biomass and 
energy turnover at the maximum compatible with your production targets in order to 
achieve adequate elastic stability. 
7. Aim at the highest bilogical diversity, activity and organizational complexity com-
patible with the economic and technical production targets. 
8. Avoid narrow optimization towards a unique narrowly defined target (e.g. max-
imum volume, biomass, energy or money yields) and apply the natural principle of 
broad optimization to attain survival and elasticity of the crop, high buffering capaci-
ty of stand and soil, and high technical and economic adaptability and flexibility of 
the crop in a continually varying and changing natural and economic environment. 
9. Get rid of rigid yield tables and replace them with more sophisticated simulation 
models. 
10. Utilize and amplify the natural dynamic properties of life systems to direct the 
system toward a broadly conceived production target of a versatile and technically 
superior tree (commonly a fast-grown tree with a big defect-free bole). 
11. Remember that failures to achieve objectives of management are largely caused 
by the instability created by ecologically inadequate crop structures coinciding with 
rare ('unexpected', 'unpredictable') events. Such events more than silvicultural plann-
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ing and treatment determine the fate of the crop in most man-made forests to-day. 
12. Remember that forest ecosystems are far more dynamic and their development 
much less deterministic than many foresters believe; these systems are closely linked 
and interact with the technical, economic and socio-political systems of their environ-
ment. Socio-political systems are perhaps even more uncertain and unpredictable. So 
the rational forester should in long-term plantation prefer those designs most likely 
to be the least wrong, and not optimize narrowly to maximize certain functions. 
The problem 
Many of our silvicultural systems are designed to achieve narrowly optimized 
targets. The corresponding management is guided by rigid schedules derived under 
unique and unrepeatable conditions of the natural, technical and economic environ-
ment. The forests are unstable and suffer under strain from storm, snow, drought, 
pests, diseases, sijvo-technological changes and pollutants. We need new crop designs 
to increase economic productivity, to reduce risks of damage and failure, and to im-
prove the social and environmental functioning of forests. Return to nature offers 
no solution, because natural forest ecosystems are at least as unsatisfactory as man-
made yield-table forests and equally unable to meet human needs (e.g. Fig. 2) 
Foresters in the past have been trying to transform prototypes of natural phasic 
forests to managed forests (Fig. 3). They attempted, usually in vain, to grow forests 
to the terminal state of the chosen phasic type, but forgot or did not know the in-built 
instability and the regulatory function of catastrophes. No surprise that catastrophes 
continually thwarted the attempts and haunt present-day silvicultural practice. No sur-
prise that salvage operations dominate silvicultural management and irritate the 
timber markets in Europe. 
Other problems concern the difficulties in defining product quality and the 
misconception of many foresters and scientists of the wood quality required by the 
user. Few foresters seem able to comprehend the potentials of wood as a raw material 
for a dynamic, constantly changing and technologically adaptable market. 
The notorious sequence of events is often as follows: 
- narrow optimizing with yield tables; 
- 'unexpected unpredictable' events (e.g. biological, climatic, technical, economic or 
social); 
- narrowly optimized inelastic ecosystem without buffering and adaptability; 
- instability increases, damage and degradation occur', and build up; 
- 'problem-oriented' research without solving the problem, instead producing irrele-
vant sectoral strategies to repair the symptoms and save time-hallowed dogma; 
- silvicultural management stumbles from one emergency to the other and never 
achieves the degree of control required to achieve management objectives effectively 
and efficiently. 
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natural 
tropical rainforest 
PHASES 
man-made 
pioneer nursecrop ("Vorwald" 
intermediate alternate crop ("Zwischen-wald") 
overmature désintégration ("Zerfall") 
Fig. 3. Phases of a hypothetical succession of natural forest (e.q. tropical rain forest) and 
broadly corresponding phasic structural types (see also 'Waldgefügetypen' of Week) in man-
made forests. The phases of natural forest gradually merge back and forward by minor disasters 
(single-tree or small-group mortality, small-gap lightning strikes, storm or snow break) or major 
catastrophes (large-scale storm throw, pests, diseases, complex die-back due to ageing and en-
vironmental impacts). The man-made forest phases could succeed one another similarly, but 
for the attempts of silvicultural management to arrest successional dynamics and restrict the 
phasic development to a shorter cycle, predominantly within the 'Vorwald' phase, which among 
other things purposely eliminates the recuperative transitional phases, in which species diversity 
and biological soil activity increase and negentropy is decreased. 
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The Auermiihle Production Program: An adapted design 
An example of adapted crop design is the pragmatic 'Auermühler Production Pro-
grams' for Scots pine, Douglas fir, Norway spruce. They, and the more sophisticated 
models subsequently developed by dynamic systems simulation techniques have been 
described in literature (Brünig, 1974b; Brünig & Schneider, 1975; Brünig & Sander, 
1983; Schneider & Alder, 1979; Kreysa, 1980). A summary of the main features may 
therefore suffice (Fig. 4). 
The programs have been developed in the Auermiihle Forest Estate in the Lüneburg 
Heath in response to destructive gales and general dissatisfaction with the economic 
and ecological performance of the forest felt by the owner and the foresters. They are 
one of the few examples of integrated management systems that encompass the whole 
Fig. 4. Stand structure and canopy architecture universally influence absorption, transmission 
and exchange rates of solar radiation and precipitation (rain, fog, mist). B and C produce less 
reflection (lower albedo), absorb more radiation and permit more moisture and light to 
penetrate to the subcanopy. The canopy in C is, compared to B, aerodynamically less rough and 
therefore creates less forced and free convective air exchange, reduces stress from storm or 
drought, and possibly exposes top-canopy trees less to effects from air pollution. C combines 
the aerodynamic advantages of smooth canopy and concentration of production of A with the 
ecological, mechanical and social (amenity, recreation) advantages of B. The basal area stock-
ings of life trees in the top canopy in the 3 transects are almost equal, but the present net stum-
page value and expected value production are much less but risks much higher in A than in B 
and particularly in C. 
A. represents the standard practice of overstocked undertended uniform stands, in all climatic 
zones; 
B. represents selection forest (Plenterwald) and similar mixed and uneven systems with con-
ifer/broadleaf or broadleaf species mixtures; 
C. represents the stand type aimed at by the Auermuehler Production Programmes (Brünig, 
1974; Brünig & Schneider, 1975) for all species. 
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life-span of the stands. They are designed to reduce risks, maintain crops and soils in 
a healthy state, focus commercial production on as few trees as possible and give them 
growing space enough to keep them vigorous, healthy and quick-growing throughout 
their life. This is achieved by applying the guidelines described in Section 3. The main 
features of the design in terms of crop structure are as follows. 
1. Rows (line-planting) are established sufficiently wide apart to provide easy access 
(3-4 m). 
2. Planting of suitable species and provenances as close within lines as necessary to 
achieve the desired crop density, considering local site-related risks. The decision on 
the most suitable spacing requires good physio-ecological knowledge on the reaction 
of various species and races to different spacings in a variable environment. Currently 
available information is scanty, unreliable, often irrelevant (being unrelated to 
systems) and generally inadequate. 
3. Space between rows is used for additional crops, for soil-improving vegetation 
(important with acid desposition) and to grow browse for game, or fodder for 
livestock. 
4. Removal of unwanted indivuduals and selection and release of elite trees as early 
as feasible as long as removal is easy and cheap, at crop heights of 3-4 m for Scots pine. 
5. Natural regeneration is adopted wherever feasible (especially for stand of superior 
race, regrowth is present and easy to tend) but shape of elite trees must be formed to 
the same principles as in the wide-spaced plantations by differentiation of regrowth 
by suitable manipulation of shelter (illumination), felling of shelter trees into overly 
dense spots, early release of selected elite trees as under Point 4 by stick-thinning as 
in mixed tropical forest regeneration. 
6. Avoidance of producing small timber, which is the unavoidable consequence of 
excessively dense planting and overstocked thickets and pole stands. That practice pro-
duces no returns but only costs, and retards the growth of the other trees, creating an 
ecological threat to the soil and to the crop. 
7. Reversal of relative stocking levels. German yield tables prescribe first thinnings 
in traditonally densely planted and excessively overstocked stands at an age of 20 or 
25 years. In practical forestry, thinnings hardly begin before 30 years and more often 
much after 40 years. We do the opposite: grow trees freely during the 'juvenile' phase, 
reach 'commercial' diameter accordingly early, then thin early and heavily with a net 
stumpage profit to keep number of trees low, ground area per tree moderate, diameter 
increment high and commercial ground area and volume increment very high. This is 
in contrast to traditional practice and leads to full stocking when value is highest and 
the production goals are approached. 
8. Low densities of trees during the pole-stand phase maintains mechanical stability, 
keeps biological activity in stand and soil at high levels and produces an elite that 
enters the mature phase as sturdy, vigorous and valuable trees, growing on a 
biologically active site. 
9. Traditional forestry lets the densely stocked stand grow to or beyond 'commercial' 
break-even point near or at about mid-rotation and then start to thin heavily. The 
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disastrous effects on annual ring pattern and ecosystem stability are known. By con-
trast, we thin stands in juvenile stage to middle age and then stop (when others start). 
No more thinnings are prescribed for older stands when crowns are less responsive and 
already well developed as a result of open growth during early stages; but trees can 
be harvested any time without endangering the stability of the residual stand.. 
10. In contrast to the condition in the young stands and contrary to reality of current 
forestry (yield table) practice, the stands nearing maturity have a high ground area and 
volume stocking with much fewer, but much bigger and healthier trees, and thereby 
achieve higher values for growing stock than according to yield tables. 
11. The aerodynamically relatively smooth and uniform main canopy composed of 
big crowns on sturdy stable trees, reduces climatic (? and pollution) stress on the main 
crop. It is certainly less than in the aerodynamically rough selection forest (Fig. 4), but 
still keeps the level of exchange of matter and energy higher than according to a con-
ventional yield table. 
12. The crop, if blown over by heavy gale, is easier and cheaper to salvage and better 
to sell, than a crop of many more smaller trees. 
13. The open structure of the main canopy throughout the life of the stand permits 
the continuous survival of a biologically active understorey, or the establishment at 
any convenient time of the next generation of the same (natural regeneration if feasi-
ble) or another species. Rational adapted crop designing in this respect requires 
physio-ecological information that is rarely available. More and better adapted in-
tegrated research in field and laboratory is urgently required and is currently been 
undertaken with temperate and tropical trees by our group. 
14. The production target (big logs of good quality, even annual ring pattern around 
the big juvenile core, 100% artificially pruned, which are easy to handle and market) 
can be achieved in about 30% less time than needed with conventional practices or 
about a quarter less in the rare cases where thinnings are not delayed but applied accor-
ding to the yield-table schedules. 
15. The reduction of production time and risk, the reduced costs of establishment, 
protection and tending, the greater vitality, health and biological activity in crop and 
soil, and the lesser damage to the commercial crop result in an overall superior 
ecological and economic performance and produce much more beautiful plantations. 
16. Consistent and flexible target-orientation in design of plantations includes the 
possibility to leave sites to natural succession and not to plant, if this produces the 
greatest overall benefit to the estate. Afforestation or reforestation by planting waste 
land, degraded sites or difficult soils is rarely the most' efficient solution unless the 
adversity can be removed beforehand, e.g. by correcting water or nutrient status, or 
by excluding disturbance by man or animals. 
Major obstacles to adaptation and how to overcome them 
There are serious intellectual obstacles to adapted approaches in forestry. Major 
ones are as follows: 
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- overrating of practical local experience; experience is not knowledge and is 
restricted to situations that may never occur again; 
- preference to dogma and recipes, lack of dynamic thinking, inability to see forests 
as dynamic undetermined ecosystems in a changing natural and social environment; 
- lack of integration of ecology, technology and economics in practical forestry, 
often to the point of antagonism between silviculturist and economist through failure 
to understand analogies and interdependence; 
- discouragement of innovative and unconventional thinking by traditional 
bureaucratic attitudes; 
- escapism: avoidance of problems, responsibility and risks by withdrawal into the 
unrealistic world of simple, deterministic and predictable systems, adherence to a nor-
mality concept as an alibi for failing to cope with the peculiarities of the real world. 
To overcome these obstacles, we must develop an adequate intellectual attitude. This 
means to: 
- develop understanding of the real world of complex, interacting, undetermined 
dynamic systems and the controlling functions of biocybernetic mechanisms; 
- shift from the preference for retrospective 'problem-oriented' research to an em-
phasis on forward-looking scientific studies of systems and their functioning at all 
levels of the systems hierarchy; 
- achieve coordination and vigorous information exchange between the levels 'fun-
damental scientific research', 'applied research and development' and 'demonstration, 
education, implementation'; 
- shift from short-sighted repair strategies (which create more problems than they 
solve, e.g. the acid-rain syndrome) to forward-looking system-adapted strategies; 
- replace traditional dogmatic rules by problem and system analysis as basis for 
decisions. 
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Policies, strategies and designs of forest development on the island of Java 
Hartono Wirjodarmodjo and Muljadi Bratamihardja 
Perum Perhutani, Jakarta, Indonesia 
Summary 
The forestry-based sector in Indonesia is becoming a major component of national economic 
development. This role is still increasing, because forests provide greater economic benefit and 
serve irreplacable ecological functions. The Government has strongly supported forestry by 
laws and regulations, an increased forestry budget and improved institutions. Also, it em-
phasizes the importance of afforestation and reforestation as well as land-rehabilitation pro-
grammes. 
Forest management in Java has, of course, adopted the national forest policies and strategies, 
and it is directed towards environmental improvement, increased socio-economic welfare for 
rural people and increased government revenues through intensification and extensification of 
industrial forest, multiple-use forest and establishment of agroforestry. Furthermore, industries 
processing forest products are expanding by intensification and diversification of products. 
Various forestry projects have been designed with great attention for job creation, increased 
productivity and environmental improvement. A 12% financial rate of return and a 15% 
economic benefit are the minimum requirements for forestry projects to be accepted. One of 
the main programmes is intended to speed up replanting in order to improve about 257 000 ha 
of unproductive forestland and to expand agroforestry to farmland for the benefit of the people. 
Keywords: Forest policy, forest management organization, social aspects of forestry, en-
vironmental conservation, Indonesia 
Résumé 
La politique, les stratégies et les dessins pour le développement forestière à Java 
La foresterie est un composant de base important pour le développement de l'économie na-
tionale en Indonésie. Ce rôle devient de plus en plus important, car les forêts fournissent un plus 
grand bénéfice économique et remplissent des fonctions écologiques importantes. Le gouverne-
ment a beaucoup aidé la foresterie par des lois et des règlements, en augmentant le budget de 
la foresterie, en améliorant les institutions de foresterie et en soulignant l'importance du boise-
ment et celle du programme d'amélioration de terre. 
L'exploitation des forêts de Java a adopté des décisions nationales de principe et de stratégie 
et est orientée sur l'amélioration du milieu; sur une amélioration du bien-être socio-économique 
de la population rurale; sur une augmentation de revenus pour le gouvernement par l'inten-
sification et l'augmentation des forêts industrielles; sur la création de forêts à emplois multiples 
ainsi que de forêts agro-forestières. En attendant, les industries fabricant des produits forestiers 
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se développent par l'intensification et la diversification de la production. Divers projets de 
foresterie ont été élaborés pour accomplir des objectifs de foresterie soulignant l'importance de 
la création de travail; de l'augmentation de la production et l'amélioration du milieu. Un taux 
de 12% rendement financiel et de 15% de rendement économique sont les exigences minimales 
pour l'acceptation de projets de foresterie. Un des programmes les plus importants est d'ac-
célérer le boisement pour améliorer l'état d'environ 257 000 ha de forêts improductrices et 
d'étendre le système d'agro-foresterie aux terrains agricoles au profit de la population. 
Introduction 
Indonesia is situated in an archipelago between latitudes 6° N and 11° S and between 
longitudes 95° and 141° E. The total land area is 191.9 million hectares consisting of 
13 400 islands. The total population is 147.4 million (1980), of which 76% live in rural 
areas. The average population density of 77 per square kilometre is increasing by 2.3 % 
per year. 
Of the total land area, about 75% or 143.5 million hectares is covered with forests. 
It is planned that 113 million hectares will be maintained as permanent forests, and 
30 million hectares for other purposes, mostly for population transmigration from 
Java to other islands. Forestry plays an important role in the national economy as it 
is a source of national income, foreign exchange and employment. The share of 
forestry in the gross national product is 4-5%, wood export coming second after oil. 
Furthermore, the forests play an important role in watershed management and nature 
preservation. According to their major functions, the forests can be divided into three 
categories (Table 1): 
1. Protection forests assure the maintenance of various environmental and protec-
tion functions, such as protecting soil from erosion, regulating flow of stream and im-
proving the microclimate. 
2. Conservation forests, such as national parks, nature reserves and recreation 
Table 1. Functional forest classification in Indonesia. 
Land area 
Present forest area 
Proposed permanent forest area 
protection forest 
conservation forest 
production forest 
Indonesia 
area 
(ha x 
191.9 
143.5 
113.5 
30.8a 
18.7a 
64.0 
106) 
relative 
area (%) 
169 
126 
100 
27 
17 
56 
Java 
area 
(ha x 106) 
13.2 
2.98 
3.96 
0.73b 
0.33b 
1.92b 
relative 
area (%) 
333 
75 
100 
18 
8 
49 
a. Planned situation 
b. Present situation 
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forests aim at protecting genetic resources and providing a habitat for wildlife, recrea-
tion and environmental education. 
3. Production forests have as main aim the production of raw materials for domestic 
consumption, industrial use or export. 
The data in Table 1 refer to the ideal planned situation. As a result of forest en-
croachment and overuse of land due to the population pressure, there are now about 
40 million hectares of unproductive land in Indonesia. Half of this area is in a critical 
condition with high rates of erosion or with degraded types of vegetation, such as 
alang-alang (Imperata cylindrica) grasslands or secondary scrub. An important part 
of these idle lands are situated within the forest estate. Often they are the cause of 
floods in the lower-lying agricultural areas during the rainy season, and the silting of 
reservoirs and canals. 
The island of Java is central in the archipelago and plays a key role in the national 
economy. Its total land area is 13.2 million hectares and it is inhabited by 91.2 million 
people (1980). Thus, although Java comprises less than 7% of the total area of In-
donesia, it is inhabited by 62% of the population. In Java, 23% or 2.9 million hectare 
of the land is covered by forests. Although forests on Java consist of only 2% of the 
total Indonesian forest area, they play a major role in the economic development of 
the society, as these forests support the other economic sectors concentrated on Java. 
The forest maintains soil productivity and protects the environment, thus improving 
the carrying capacity of the land. This ability of forests to influence the use of land 
for other purposes is of great importance to support the ever-growing overpopulation 
of Java. 
In addition to these intangible forest benefits, the forest also exerts a direct benefit 
through job creation and forest production. On Java, these are respectively valued at 
14 million man-days and Rp 74 300 million (US$ 76.6 million) annually. Additional 
employment and revenues are derived by intercropping young plantations with 
agricultural crops by utilizing the taungya system (locally called tumpangsari). The 
average tumpangsari area is 10 000 ha, which yield an average of 2 t/ha of rice with 
a value of Rp 150/kg. In addition to these annual revenues of Rp 30 000 million, tum-
pangsari provides employment for a total of 2 million man-days. 
The classification of forests on Java according to their major functions is given in 
Table 1. Again this official classification does not always reflect the actual situation. 
For instance, within the forest area there are 78 thousand hectares of wasteland and 
80.6 thousand hectares have been appropriated by other sectors. 
The forests on Java consist both of natural forest and plantations. The plantations 
cover over 60% of all forest area. The importance of plantation forestry on Java is fur-
ther illustrated by the fact that 70% of the 2.6 million hectares of Indonesian forest 
plantations (1981) are on Java. The plantations are dominated by Tectona grandis and 
Pinus merkusii, followed by minor species such as Albizzia falcataria, Swietenia 
mahagony, Dalbergia latifolia, Agathis loranthifolia (syn. A. dammara), Altingia ex-
celsa, Leucaena leucocephala and Rhizophora sp. 
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Objectives of Indonesian forestry development 
When the forest was still extensive and the population pressure not yet so high, 
forestry policy was mainly concerned with internal problems. Forests were considered 
as independent units, whose sole aim was to produce wood or other forest products. 
But the implementation of National Economic Development Plans since 1968 have 
altered forest management policy (Atmosoedarjo & Wahyudi, 1980). The general aim 
of these National Economic Development Plans was to increase income and employ-
ment through economic growth and improved productivity and to improve the 
distribution of income and human welfare. To implement these aims, it was recognized 
that the rural sector (agriculture including forestry) was the backbone of the economy. 
Agricultural development improves production of basic needs for the local population 
and increases generation of income and employment. It can also assist in the nation's 
balance of payments by providing import subsitutes as well as producing export com-
modities. For development, we must maximize use of the different agricultural 
resources, improve their efficient utilization and diversify agricultural production for 
the domestic market and for export. 
The success of these objectives depends partly on the ability of the forestry sector 
to contribute to such developments. To do so, more emphasis than in the past needs 
to be given to the significant influence of forest on the environment and to its socio-
economic benefits. 
For forests to contribute to socio-economic development, special attention is now 
given in forest management to progressive sustained yield, enlargement of forest in-
dustries, expansion of multiple use of forest land and integrated agriculture and 
forestry (agroforestry) (e.g. Soerianegara, 1982). Measures include introducing proper 
technology and increasing efficiency in establishment and utilization of both forest 
and processing industries. 
In line with the objectives of national development, namely economic growth, 
greater equity and national security, the general objectives of forest development are 
as follows: 
- to improve land productivity so as to accelerate the aggregate growth of income 
and consumption for greater prosperity and to generate revenue that the government 
can employ for social needs; 
- to increase opportunities for employment and income, and to improve its distribu-
tion in favour of rural people, including landless workers, by intensification of forest 
management, extension of forest areas and expansion of processing industries; 
- to earn more foreign exchange by improving the quality and increasing the volume 
and variety of forestry-based exports; 
- to protect and improve the environment by harmonizing the various functions of 
forests; 
- to stimulate farm forestry, especially on the island of Java, by encouraging 
agroforestry practices on farmland, so as to increase land productivity and its human 
carrying capacity. The aim of such farm forestry is to supply multiple products such 
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as food, firewood, fodder and small timber at reasonable costs for rural people. 
Since the start of the first National Economic Development Plan in 1968, significant 
achievements have been made in achieving these development goals. The forestry sec-
tor has definitely contributed to this success and so the importance of forestry is now 
well recognized. Recently the fourth Five-Year Development Plan has been for-
mulated. This plan follows the previous ones by emphasizing further agricultural 
development as a means of satisfying domestic demand and to increase export oppor-
tunities. Agricultural development is to be balanced by development of agricultural 
processing industries and the establishment of industries supporting the agricultural 
sector. In developing forestry, particular attention is to be given to the relationships 
between the forestry sector and the sectors of agriculture, public works including elec-
tricity generation, tourism, environmental protection and nature conservation. The 
specific strategies for forest development have been formulated as follows: 
1. To work towards sufficient permanent forest resource to supply direct and indirect 
benefits necessary for the welfare of the people. The final target of the proposed per-
manent national forest estate is indicated in Table 1. 
2. To continue the rehabilitation programmes of unproductive lands, started in 1970, 
by speeding up land improvements such as
 / 
- reforestation of degraded state forest lands, 
- establishment of community plantations on waste lands belonging to farmers, 
- regreening of steep but arable farmlands by tree planting, 
- resettling of shifting cultivators and changing their land-use to permanent agri-
culture. 
Since 1970, such rehabilitation projects have already been carried out in 35 water-
sheds. Under these programmes, 1.2 million hectares of forest lands were reforested 
and 270 thousand hectares of tree cover was established on private lands. 
3. To regulate exploitation, regeneration and other management practices of the 
natural forest resources so as to safeguard its continued production potential and to 
ensure maximum sustained timber supply in accordance with the needs of the rapidly 
developing timber industry. 
4. To establish a million hectares of industrial forest plantations by the year 2000 to 
augment the long-term supply of raw material for the planned wood-working in-
dustries. Sixteen industrial plantation units of 30 000 - 50 000 ha are planned for the 
next five years. 
5. To maximize wood utilization, to create employment and to increase the revenues 
from wood exploitation by phasing out the export of timber logs by the year 1985 and 
the establishment of an export-oriented integrated wood-processing industry with 
plywood production as its core. 
6. To contribute to rural development by changing the approach of foresters. 
Especially after the World Forestry Congress held at Jakarta in 1978, it was recognized 
that foresters should no longer be viewed as professionals who protect forests against 
people, but rather as professionals who cooperate with the rural people in growing 
trees for mutual benefit. 
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7. To develop stronger forestry institutions by improving their capacity in manpower, 
training, research and education. One important element of this institutional 
strengthening is the upgrading of the national Directorate-General of Forestry into a 
Ministry of Forestry. 
Forestry development policies and strategies in Java 
In Java, management and exploitation of the national forests is the responsibility 
of the State Forest Corporation Perum Perhutani. It is entrusted with the task of sup-
porting the attainment of the goals of the National Development plans by ensuring 
sustained forest utilization on Java, so as to convert the economic potential of forests 
into benefits for both the local people and national interest. In addition to Perum 
Perhutani, the Directorate-General of Reforestation and Land Rehabilitation is in 
charge of projects for watershed management, especially on farmlands. And the 
Directorate-General of Nature Conservation and Management administers the nature 
reserves and national parks on Java; for their policy and strategies for land-use conser-
vation, see Daryadi & Bratamihardja (1981). 
In developing policies and strategies for forestry development in Java, several special 
constraints have to be considered. Some were already alluded to before; they may be 
summarized as follows. 
1. Land-use problems. Due to the high population density in Java, there is very little 
unused land. As the development of several economic sectors requires new areas of 
land, this results in conflict of interest in land utilization and land-use planning. 
Within the forest estate, 80.6 thousand hectares have been appropriated for other sec-
tors. Outside the forest areas, it is almost impossible to expand forest land. 
2. Population pressure of idle labour force on forest land. About 30 million people 
live in villages surrounding the forest. About 76% of them are small farmers and farm 
labourers. They are unskilled for other jobs than agriculture, and about half the family 
labour is unemployed or underemployed. This lack of employment and skills increases 
forest encroachment, as people crave for land. Already about 78.4 thousand hectares 
of protection forest has been damaged, and production forests have been depleted. 
3. Traditional agricultural systems. The traditional practices of indigenous cultiva-
tion combined with the shortage of land and the rapid increase in population has also 
resulted in misuse of land and overutilization of tree resources outside the forest 
reserves. This has resulted in the formation of 681 thousand hectares of waste lands 
and a decrease in the human carrying capacity of land. A special problem is over-
grazing of farmland and forest by livestock. Livestock is an integral part of rural life. 
In 1979, there were about 15 million recorded head of livestock, including 3.9 million 
cattle, 1 million buffalo, 6.1 million sheep and 3.8 million goats. 
4. Needs for wood and other forest products. With the increasing population the de-
mand for forest products is also increasing. Wood is an essential commodity in rural 
areas for firewood, poles and construction. Wood consumption per person on Java 
is estimated at about 0.5 m3 per year. The illegal cutting of wood in forest areas and 
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the overexploitation of other tree resources has aggravated the lack of local wood in 
many rural areas, and timber from other islands has become expensive. 
5. Need for rural development. Traditionally, the rural sector has been in a weak 
position in the social, economic and political system. Thus special efforts must be given 
to rural development programmes that improve the conditions for the poorer members 
of society by creating employment and making land available for agricultural crops. 
Forestry can assist in overcoming these constraints by the intensification of forest 
management, expansion of multiple use of forest lands, introduction of agroforestry 
practices like the tumpangsari system of intercropping in young plantations, and the 
intensification, expansion and diversification of wood-processing industries. 
Measures like these will not only help to improve the quality of life for the poorer 
members of society by generation of employment and income, but they will also affect 
other economic sectors and the national economy. The expansion of the processing 
industries will increase the added value of national produce and result in higher 
revenues and foreign-exchange earnings. And the intangible benefits of forest in rela-
tion to the environment will result in a better quality and well regulated supply of water 
for irrigation and household use, in better maintenance of soil fertility and generally 
better quality of environment. 
From the policies and strategies for forest development on Java, the following more 
specific objectives for Perum Perhutani's activities have been stated in the Five-Year 
workplan for the period 1981 to 1985 (Perum Perhutani, 1981): 
1. To enlarge the forest cover on the island of Java by up to 30% of the total land 
area by introducing agroforestry systems on farmland and improved land-use. Special 
emphasis needs to be given to farmlands unsuitable for agriculture through unfertile 
soil or steep slopes. 
2. To increase wood production in teak forest by 7% per year and in other forest 
plantations by 50% per year. The production of minor forest products will be increas-
ed by about 10% annually. The value of forest products should increase from 
Rp 69 500 million in 1981 to Rp 104 750 million in 1985. 
3. To accelerate the rate of replanting in order to eliminate about 257 000 ha of un-
productive forest land and to improve its production capacity and environmental func-
tions (Fig. 1). 
4. To increase foreign-exchange earnings by enlarging the export of forest-based pro-
ducts from the present 20% of total production to 30%. This is to be accomplished 
by improving the quality of these products. 
5. To increase employment opportunities for the rural people both in the forest and 
in small-scale industries. 
6. To increase the share of Perum Perhutani in rural community development by 
initiating various projects: 
- Fuelwood projects, to provide sufficient firewood for the population around forest 
areas and for small industries. 
- Honey-bee projects, to increase the income of the people living in the surroundings 
of forests by bee-keeping. 
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Fig. 1. Industrial forest plantations on Java, Agathis loranthifolia (A. dammara) in 
background and young Pinus merkusii in foreground. Pines have been planted by the taungya 
system and terraces were established for cultivation of food crop. 
- Fodder projects: The objective of these projects is to plant various fodder species 
such as elephant grass (Pennisetum purpureum) along the forest border and on private 
farmlands so as to provide sufficient fodder for cattle. 
- Multi-cropping mass intensification, to increase the income of forest farmers and 
to improve the success of reforestation by intensifying the taungya system by use of 
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selected high-yielding agricultural crops, fertilizers, pest control and other adapted 
management practices (Kartasubrata, 1979). Credits and subsidies are granted to the 
farmers to obtain the right inputs for increasing dry land production from 0.7 t/ha 
to 2-3 t/ha. In addition Perum Perhutani provides technical assistance to the farmers. 
- Check-dam and water reservoir projects, to improve the environment by flood and 
erosion control, and to increase agricultural productivity by providing increased op-
portunities for irrigation of agricultural lands and for fish-breeding. 
- Medicinal and tuber-plant projects, to increase the productivity of forest lands by 
utilizing the spare space under mature forest trees for the production of medicinal 
plants (e.g. Zingiberaceae such as Curcuma spp). This activity will provide additional 
income for rural people. 
- Various other small projects to create employment and new sources of income for 
local people, and to improve the environment and land productivity. 
- To maintain a 7% economic growth annually in support of continued forest 
development. 
- To intensify forestry extension, including the establishment of demonstration plots 
in order to encourage farmers to adopt agroforestry practices on their farmland. 
- To accelerate the expansion of forest products processing industries. These in-
dustrial plants have a significant multiplier effect as well as high financial and 
economic rates of return. 
Based on these objectives four major categories of forestry development projects 
are being carried out by Perum Perhutani, namely: 
1. Forest establishment projects. In projects for forest establishment various 
silvicultural treatments may be applied depending on the nature of the future forest, 
e.g. industrial forest establishment, development of multiple-use forest or application 
of taungya system oil in reforestation. 
2. Projects for establishment of industries processing forest products. These projects 
include sawmills, plants producing furniture, joinery, plywood, particle board and 
other wood-based panels and industries processing minor products such as turpentine, 
resin, cayuput oil and gum. 
3. Farm forestry projects. These projects mostly concern the stimulation of the in-
troduction of agroforestry systems and the establishment of woodlots on farmland, 
to improve environmental condition and to increase farm income. The projects are ful-
ly managed by the farmers, Perum Perhutani providing the seedlings and technical ser-
vices required by the farmers free of charge. Farm forestry projects are carried out in 
the areas surrounding the forest land, where they 'are usually associated with 
agriculture or where they are carried out as a part of integrated rural development ac-
tivities. The project activities usually take the form of planting trees, which may pro-
duce timber, fruit, fuel of fodder. 
4. Other projects. These projects are mostly directed towards the improvement of the 
environmental situtation or of land productivity. Projects may include such diverse ac-
tivities as building check-dams and water reservoirs, creation of off-farm employment 
by development of home industries such as furniture making and keeping of honey-
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bees. 
The above programmes and projects have been developed to overcome the con-
straints to development of the forestry sector and to solve major problems. They 
should result in the desired level of growth of the forestry sector on Java and should 
achieve the objectives of forestry development on this island. 
Principles of forest establishment project design on Java 
After identifying the major policies and strategies for forestry development on Java 
and the way in which they have been elaborated in concrete programmes and projects, 
the major issue is now to refine these principles in more detailed designs for the pro-
jects. In developing such designs, it should be recognized that forestry projects are 
characterized by long production periods and that the benefit of the projects may 
often be environmental ones that do not directly benefit those who grow trees. Conse-
quently, the design- and evaluation of forestry projects should emphasize not only 
financial returns and economic benefits, but also long-term environmental impacts. 
In designing projects the main concern should be to reduce costs and to increase 
benefits, especially in relation to the creation of employment and to participation of 
rural people. Furthermore, the project design should also indicate to what extent the 
necessary investments and other development expenditure will contribute to the 
desired development levels. For example, for forestry projects in Java the minimum 
requirements in relation to its feasibility are a 12% financial rate of return and a 15% 
economic rate of return. 
The way in which the above principles are achieved in various forest establishment 
projects will be demonstrated here with examples of three projects of Perum Per-
hutani. 
Agroforestry project at Pare, Kediri, East Java 
The project in Kediri, East Java will cover a total area of 6 000 ha; at present there 
is a pilot project of 10 ha at Pare village. The altitude is 400 m, and the climate and 
soil conditions of the area are favourable for the cultivation of food crops. The area 
is relatively flat and is easily accessible by all-weather road. 
The objective of this agroforestry project is to increase the productivity of the forest 
land, to create new employment and additional income for the rural people and to im-
prove the forest functions. 
Albizziafalcataria is the main tree species planted in the project; it will be cultivated 
in a 8-year rotation. Trees are spaced at 4 m x 1 m, within the row being mixed with 
Leucaena sp. spaced at 4 m x 2 m. Between the tree rows, agricultural crops such as 
maize, elephant grass and pineapple are planted. The traditional taungya system is 
prolonged from the usual 1-2 years up to 3-4 years. To allow this prolonged inter-
cropping and to provide space for the food crops, the spacing of trees was widened. 
This project represents an agroforestry model in which half of the rotation period is 
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used for intercropping. 
The current net value of the total project's output over the total rotation is 
Rp 1 406 600/ha at the 12% financial rate of return or Rp 2 022 400/ha at the 15% 
economic rate of return. Of the latter total net revenue, Perum Perhutani will receive 
Rp 523 700 and the forest farmers Rp 1 498 700. 
Industrial pine plantation project at Pekalongan, Central Java 
The project in Pekalongan District, Central Java covers a gross area of around 
24 000 ha. The area has a climate and soil conditions suitable for the cultivation of 
Pinus merkusii, and ranges from relatively flat to quite hilly. For the most part, it is 
easily accessible by an all-weather road. 
The project aims to produce supplies of raw material for the pulp and paper mill 
in Cilacap, south Java, to create a new source of income for Perum Perhutani and the 
people in the surrounding villages, and to create more employment for the rural 
people. 
To establish the plantations, the tumpangsari (taungya) system is used, forest 
farmers being allowed to cultivate food crops between tree rows. The farmers can 
receive subsidized selected maize seed and fertilizer. 
The cost of the project (Rp/ha) are as follows: 
- seedlings Rp 13 700 
- planting 43 700 
- thinning at age 5 2 800 
- logging 105 100 
- equipment 9 600 
- resin tapping 36 300 
- management costs 9 000 
- subsidized maize seed 3 300 
fertilizer 13 500 
The following benefits (Rp/ha) are forecast: 
- thinning wood 10 350 
- final harvest 1 405 500 
- pine resin per year 131800 
- maize (at a yield of 2.8 t/ha) 420 800 
At 12% rate of interest, this project has a net current value of Rp 205 700for Perum 
Perhutani and Rp 658 200 for the forest farmer. The current net value at the 15% 
economic rate of interest is Rp 918 300. 
Project on multiple-use of forest land 
This project in Bondowoso, East Java concerns an area of protection forest of 
around 2000 ha at an altitude of 500-1000 m. The climate and soil conditions of the 
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area are favourable for plantation crops, and the topography is relatively hilly. 
The objectives of the project are to rehabilitate the protection forest, which was 
destroyed by agricultural encroachment and population pressure, in order to improve 
ecological conditions, especially in relation to erosion control and hydrological 
management, and to create new sources of income and employment for rural people 
of the villages surrounding the forest. 
Under the existing socio-economic conditions of the area, the rehabilitation of the 
almost bare and unproductive lands should improve the economic situation of the 
rural people living near these forest lands. The most suitable species for both 
hydrology and socio-economic improvement in this area are considered to be 
Erythrina speciosa and Albizzia procera underplanted with Coffea robust a grown in 
a 20-year rotation. 
At a 12% annual discount, the current net present value of the project is 
Rp 151 000/ha for Perum Perhutani and Rp 273 500/ha for forest farmers. And at 
15% economic discount, the current net value is Rp 168 500/ha for Perum Perhutani 
and Rp 791 600/ha for forest farmers. 
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Activating policies for increasing the effectiveness of forestation projects 
in the tropics involving non-governmental organizations 
A. Grainger 
International Tree Crops Institute, Braintree, UK 
Summary 
NGOs play a significant role in the funding and implementation of social forestry projects 
in developing countries, although it is difficult to quantify the scale of forestation, the number 
of NGOs involved, and the funds which they commit to such projects. A preliminary list is given 
of international NGOs and NGOs based in OECD nations which are involved in or supportive 
of forestation or forestry related activities. It is recommended that far more publicity should 
be given to the need for forestation in order to encourage NGOs to expand their activities in 
this field. There should be greater coordination between NGOs, governments and inter-govern-
mental organizations, and closer links between NGOs themselves. Steps should also be taken 
to strengthen the technical capabilities of NGOs in forestry. 
Keywords: Social forestry, voluntary organizations, international aid 
Résumé 
Mise en oeuvre de politiques d'efficacité accrue de projets tropicaux de boisement avec le con-
cours des organisations non-gouvernementales 
Les organisations non-gouvernementales jouent un rôle significatif dans le financement et 
la mise en place de projets de foresterie sociale en pays en voie de développement. Cependant, 
il est difficile de quantifier l'étendue de cette boisement, le nombre d'organisations impliquées 
ou le montant des fonds qu'elles consacrent à ces projets. Une liste préliminaire est fournie, avec 
les organisations non-gouvernementales internationales ainsi que de telles organisations qui ont 
leur base dans des pays de l'OCDE et qui s'engagent dans des activités, soit de boisement, soit 
liées à la foresterie. Ce texte recommande une publicité fortement accrue sur la nécessité de 
boisement, afin d'encourager les organisations non-gouvernementales d'épandre leurs activités 
dans ce secteur. Il faudrait une meilleur coordination entre ces organisations, les gouvernements 
et les organismes inter-gouvernementaux, aussi bien qu'entre les organisations non-
gouvernementales elles-mêmes. Il faudrait également prendre des mesures pour renforcer les 
capacités techniques forestières des organisations non-gouvernementales. 
Introduction 
Current rates of forestation in the tropics are not matching either short-term or 
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long-term wood requirements. The deficit in fuelwood supplies in the tropics has been 
predicted, on the basis of FAO data, to rise by the year 2000 to the equivalent of the 
sustainable production of 105 million hectares of fast-growing fuelwood plantations, 
an area almost twice the size of France (Wood et al., 1983). 
In many developing countries, the shortages of fuelwood are compounded by severe 
environmental problems, such as desertification in arid and semi-arid areas like the 
Sahel region of West Africa (Grainger, 1983) and the soil erosion and flooding that 
result from deforestation and over-exploitation of lands in montane regions like the 
Himalayas (Grainger, 1980). In such areas forestation is an essential component of 
programmes for environmental stabilization and rehabilitation. Yet in the Sahel, for 
example, it has been estimated that the rate of forestation is fifty times too small (Club 
du Sahel, 1980). 
Such lack of progress results from a variety of constraints, not least the institutional 
incapacity of government forestry departments to cope with forestation on the scale 
required. This has led to the growth in a number of countries of social forestry projects 
(FAO, 1978; Eckholm, 1979; Burley, 1983; Grainger, 1983). As discussed by Arnold 
earlier in this volume, these programmes are dependent upon the mobilization of local 
people for the planting and protection of new forest plantations dedicated largely to 
the production of major local needs such as fuel, fodder, food and small wood as well 
as to the stabilization and improvement of the environment. 
In some countries, such as India, government forestry departments have pioneered 
the introduction of social forestry programmes by undertaking activities such as train-
ing and extension, establishment of demonstration plots and provision of seedlings, 
incentives and sometimes also land. Often, these programmes have been financially 
supported by aid from developed nations, either on a bilateral basis or channelled on 
a multilateral basis through UN agencies such as UNDP, the World Bank and the In-
ternational Development Association, or other inter-governmental bodies such as the 
European Community and the Asian Development Bank. Examples of such program-
mes are given by Pinyosorasak and Compaoré et al. in this volume. 
However, very often, it is non-governmental rather than governmental/inter-govern-
mental organizations which may fund and/or coordinate social forestry projects. The 
extent of such projects is already considerable, although comprehensive statistics con-
cerning the areas planted and funds allocated are not readily available. Non-Govern-
mental Organizations (NGOs) are highly suited to such projects because they usually 
have an extensive network of personnel and activities geared generally to improving 
the lives of rural peoples at village level. Once forestation is recognized as a need by 
the local people its planning and implementation evolve through already developed 
consultative mechanisms, rather than as a separate activity initiated from outside, e.g. 
by a national forestry department. The funding of such projects may be shared with 
the government, or with donor governments or inter-governmental agencies. Basu 
describes the work of the Ranchi Consortium for Community Forestry in India else-
where in this volume. 
Forestation projects coordinated by NGOs often result in a higher level of motiva-
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tion of the local people, but nevertheless may suffer from organizational, technical, 
and financial constraints. The purpose of this paper is to attempt to describe the range 
of forestation activities in the tropics in which NGOs are involved and the major con-
straints under which they operate, and to suggest ways of overcoming these constraints 
so that the overall effectiveness of these projects may be increased. The focus will be 
on social forestry programmes aimed at satisfying local economic and/or environmen-
tal requirements in some kind of cooperative approach. 
The role of NGOs in development cooperation with developing nations 
Non-Governmental Organizations (often referred to as Private Voluntary Organiza-
tions) have a wide range of aims and activities. They include: 
- Development aid agencies, whether (1) secular (e.g. the Rockefeller Foundation) or 
(2) religious (e.g. Lutheran World Relief). Aid may be in the form of financial, 
material, technical, or personnel assistance or any combination of these four. 
- Organizations predominantly concerned with education, research, and/or training 
e.g. the Intermediate Technology Development Group. Most NGOs have active educa-
tional departments. 
- Professional associations, e.g. the Commonwealth Forestry Association. 
- Special interest pressure groups, e.g. Friends of the Earth. 
Excluded from the category of non-governmental organizations are government-
controlled organizations (e.g. Departments of Forestry or national schemes for stu-
dent or youth service in developing countries) and the overseas aid agencies of the 
governments of more developed nations (e.g. USAID). Also excluded are inter-
governmental organizations such as FAO, whose activities are discussed by Levingston 
(this volume). Strictly speaking the category of 'non-governmental organizations' 
could include non-state-owned commercial enterprises ranging from small firms to 
large corporations, but in this paper the category will be regarded as referring only to 
non-profit (charitable) organizations. 
Some 1700 NGOs in the OECD nations (Organization of Economic Cooperation 
and Development) provided about US$ 2000 million in aid to developing nations in 
1980 - about one tenth of the volume of Official Development Assistance given by 
donor nations on a bilateral or multilateral basis (OECD, 1981; World Bank, 1981). 
There are also many NGOs based in developing nations and these often receive 
assistance from NGOs in the OECD nations for rural development projects. 
The role of NGOs in the promotion of forestation in developing nations 
Although NGOs have a significant role in the promotion of social forestry projects 
in developing nations, the number of NGOs based in OECD nations active in this field 
to any great extent is fairly small, when viewed as a proportion of the total number 
of NGOs concerned with development assistance. Data is extremely sparse, but some 
indication may be gained from the index to the OECD (1981) Directory of NGOs in 
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OECD Member Countries Active in Development Cooperation. Of the 1702 NGOs 
listed, only seven indicated their involvement in forestry. These are indicated by an 
asterisk in the expanded list in Table 1, which is based on my personal knowledge and 
is by no means exhaustive. There is no indication of the total funds committed to af-
forestation projects by NGOs in OECD nations. 
Little easily available data exists on the collective forestation role of NGOs based 
in developing nations. Table 2, which lists 42 NGOs involved in afforestation activities 
in Kenya, gives some idea of the diversity of organizations regarding tree planting as 
a high priority issue. Church groups are strongly represented, together with women's 
groups and youth clubs. Schools also have an important role, although not mentioned 
here (Buck, 1983). 
The scale of forestation funded and/or implemented by NGOs is difficult to 
Table 1. International NGOs and NGOs based in OECD nations active in or supportive of 
forestation activities. NGOs listed in OECD (1981) are indicated by an asterisk. The predomi-
nant activities of NGOs are listed as: General (G), Funding agency (F), Raises or directs funds 
to specific projects (DF), Implements or helps to implement afforestation projects (I), Re-
search (R). 
NGO 
Auroville Association* 
Beijer Institute 
Catholic Relief Services* 
CARE* 
Caritas* 
Ford Foundation 
Global Forest Fund 
Green Deserts 
Intermediate Technology Development Group 
International Council for Research in Agroforestry 
International Tree Crops Institute 
Japanese Overseas Forestry Consultants Assn* 
Lutheran World Relief 
Men of the Trees 
OISCA 
OXFAM 
Rockefeller Foundation 
Salesians of St. John Bosco SDB* 
Salvation Army 
Save the Children Fund 
Voluntary Service Overseas 
Volunteers in Technical Assistance 
World Neighbours 
World Organization of the Scout Movement* 
World Vision International 
Headquarters/ 
main office 
U.S.A. 
Sweden 
Switzerland 
U.S.A. 
Switzerland 
U.S.A. 
the Netherlands 
U.K. 
U.K. 
Kenya 
U.K. 
Japan 
Switzerland 
U.K. 
Japan 
U.K., Belgium 
U.S.A. 
U.S.A. 
U.K. 
Switzerland 
U.K. 
U.S.A. 
U.S.A. 
Switzerland 
U.S.A. 
Activity 
DF 
F 
F 
F 
F 
F 
G 
DF/I 
G 
R 
R 
G 
G 
G 
DF 
F 
F 
G 
F 
F 
I 
I 
F 
DF 
F 
378 
Table 2. Kenya-based NGOs involved in forestation activities (after Buck, 1983). 
Action Aid-Kenya 
African Committee for the Rehabilitation 
of Southern Africa 
African Inland Church 
Agricultural Society of Kenya 
Boys Brigade Kenya 
Church Army in Eastern Africa 
Council for Human Ecology-Kenya 
Digoi Women's Group 
Diocese of Garissa 
Diocese of Kisii 
Diocese of Kisumu 
Diocese of Maseno South Rural Develop-
ment Service 
Diocese of Meru 
East Africa Women's League 
East Africa Yearly Meeting of Friends 
East Pokot Agricultural Project 
Egerton Agricultural College 
Friends World Committee for Consultation 
Kenya Baha'i Community 
Kenya Catholic Secretariat 
Kenya Freedom from Hunger Council 
Kenya Girl Guides Association 
Kenya Jaycees 
Kenya Scouts Association 
Kenya YMCA 
Kenya YWCA 
Limuru Boys Centre 
Maendeleo ya Wanawake 
Mazingira Institute 
Men of the Trees 
Mennonite Central Committee 
Namundoli Union Group 
National Christian Council of Kenya 
National Council of Women of Kenya 
Partnership for Productivity 
Rajayoga Centre 
Samia Cultural Community 
Simon Community in Africa 
Social Services Joot 
Wildlife Clubs of Kenya / 
World Muslim Congress 
World Neighbours 
estimate. Although some 519 000 ha of non-industrial forest plantations are said to 
be established each year (representing about half of the total annual rate of forestation 
in the tropics)(Lanly, 1981), it is unlikely that forestation undertaken outside the con-
trol of national forestry departments is accurately reported. It is certainly not listed 
as a separate category at international level. 
Two surveys presently in hand could reduce this information gap. Preliminary 
results of a survey (funded by UNEP) of NGOs worldwide active in combating deser-
tification indicate that a large proportion of their projects (as many as 85%) involve 
afforestation (H. Dregne, Personal communication, 1983). The final results of this 
survey will be awaited with interest. Another useful source of information in the future 
will be the catalogue of NGOs working in the rural sector in developing nations which 
is being compiled by The Freedom from Hunger Campaign/Action for Development 
within FAO (A. Pena-Montenegro, Personal communication, 1983). 
Examples of NGO forestation activities in the tropics 
Four projects have been chosen to illustrate the scope and diversity of NGO foresta-
tion activities. The first two examples are of projects funded by NGOs based in OECD 
nations, and the last two are projects carried out by NGOs based in developing na-
tions. 
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The U.S. NGO CARE is funding the Majia Valley windbreak scheme in Niger, 
which since 1975 has established 250 km of windbreaks near Bouza, some 500 km 
north east of the capital Niamey, at a cost of about one million US dollars. Cereal pro-
duction has increased by at least 15% in the 3000 ha of fields protected by the wind-
breaks, with a consequent gain of US$ 108 000 in annual revenue. Other villages are 
now asking for assistance to establish their own windbreaks, and there is a plan to 
harvest about 2500 m3 of fuelwood every year from the windbreaks in ways which do 
not prejudice their protective functions (Grainger, 1983). 
OXFAM-Belgique and the European Community are co-funding a community 
reforestation programme around the village of Langbar in the Ferlo zone of Senegal 
(rainfall 300-500 mm/a). Initiated in 1978, by 1981 some 263 ha of Acacia tortilis and 
A. holosericea (for fuelwood and timber) and A, Senegal (to be tapped for gum arabic) 
had been planted, together with 14.7 ha of Azadirachta indica (neem) and Prosopis 
spp. thickets surrounding wells to give shade to cattle and prevent them from wander-
ing into adjacent lands. The total cost was US $ 309 250. The aim of the project is to 
raise the living standards of the local population through the planting of trees on graz-
ing areas while at the same time ensuring that levels of subsistence crop production 
are maintained. The locations of the forest plantations were decided with regard to 
providing windbreaks for susbistence crops such as millet, and the production of gum 
arabic will provide a valuable supplementary source of income. The Forestry Depart-
ment of Senegal provided technical advice and the project coordinator, and training 
sessions were held for the local people from the start of the project (Agrasot, 1982). 
The Auroville land reclamation project in India is part of a UNESCO-sponsored 
experiment in international living on a 4819 ha site 10 miles north of Pondicherry. 
When the project began in 1968, large areas of Auroville were barren land, the product 
of a long period of deforestation, overcultivation and overgrazing by local people. The 
future city of Auroville has been planned in the form of a circle. The central area is 
sheltered by a large circular shelterbelt of Casuarina equisetifolia. A mile from the cen-
tre is the 'Green Belt', in which a mosaic of forests, orchards and sheltered fields is be-
ing established. More than 300 ha of land are under afforestation and soil and water 
conservation, and over a million trees have been planted so far, involving hundreds of 
different species, both those indigenous to India and exotics gathered from all over 
the world in an exchange programme involving 80 research centres, universities and 
botanic gardens. Some four hundred people live in Auroville, half being Indians and 
the remainder mostly Europeans with some Americans and Australians. Funds for the 
afforestation activities are raised from supporters in India, Europe and North-
America, and by means of grants from NGOs and government agencies in OECD na-
tions (Auroville, 1982). 
The National Council of Women of Kenya (NCWK), representing 35 affiliated 
women's organizations, launched its Green Belt Movement on World Environment 
Day in June 1977. The planting of the first green belt, in the Kenyan Rift Valley, began 
at a ceremony which took place in September of that year at the same time as the UN 
Conference on Desertification was being held in Nairobi. The first green belt was 
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sponsored by Mobil Oil (Kenya) Ltd, and the other 39 green belts that have been 
established in the last six years have been sponsored by various companies, organiza-
tions affiliated to the NCWK, the Government of Canada, and individuals all over 
the world who send US$ 4 to sponsor a tree for five years. So far some 15 million trees 
have been planted in the 40 green belts, using seedlings obtained either from the 
Ministery of Natural Resources or raised in special school tree nurseries (UN Universi-
ty, 1982). 
NGOs active in research supportive of forestation 
There are two major international NGOs devoted to research supportive of social 
forestation practices. The International Council for Research in Agroforestry 
(ICRAF), based in Nairobi, was established in 1978 to promote and coordinate 
research in agroforestry - a set of techniques for growing trees together with other 
crops and livestock that is fundamental to forestation practices in arid and semi-arid 
areas where tree planting for environmental reclamation and protection and the pro-
duction of fuelwood should not prejudice the cultivation of subsistence food crops. 
ICRAF produces the journal Agroforestry Systems. The International Tree Crops 
Institute, with headquarters in England and research centres in the USA, Australia and 
India, was established in 1977 to encourage the introduction and to develop the poten-
tial of multi-purpose trees, such as Acacia spp. and Prosopis spp. It produces the Inter-
national Tree Crops Journal. Prominent among national NGOs in this category is the 
Bharatiya Agro-Industries Foundation in India, which conducts research on multi-
purpose fodder trees, such as Leucaena leucocephala. The International Union of 
Forest Research Organizations (IUFRO), whose activities are indicated by Levingston 
elsewhere in this volume, is an NGO which coordinates the work of forest research 
organizations, although the vast majority of its members are government-controlled. 
NGOs active in educational and coordinating activities supportive of forestation 
and forest conservation at international level 
Popular awareness of the need for forestation and forest conservation on a global 
scale is a relatively recent phenomenon. For many years The Men of the Trees, founded 
in 1922 by Richard St. Barbe Baker, was the only international NGO active in this 
field. The World Wildlife Fund (WWF), founded in 1961, started in the 1970s to press 
for conservation of tropical forests and has succeeded in raising substantial funds for 
this purpose and publicizing the vital ecological role of the tropical forests, but has 
not actively promoted the need for forestation. WWF is advised on policy by its sister 
organization, the International Union for Conservation of Nature and Natural 
Resources (IUCN). IUCN is an NGO having substantial number of governments and 
government agencies as members. It published the World Conservation Strategy in 
1980 (IUCN, 1980). Other international NGOs specializing in environmental issues 
have had the occasional 'campaign' on a forest-related topic but have not thought it 
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necessary to have continuing efforts in this field. 
Recently, a new organization, the Global Forest Fund, was established in the 
Netherlands to raise the general awareness of forest conservation, rehabilitation, ex-
ploitation and development, to coordinate and support the activities of other organi-
zations and, in particular, to raise funds for such activities. It intends, with the 
assistance of another international NGO, the Jaycees International, to work through 
an international network of Global Forest Units, whose task will be to raise awareness 
at national level and develop educational programmes and international activities in 
cooperation with both government institutions and other NGOs (Global Forest Fund, 
1982). 
NGOs active in pressing for forest conservation and forestation at national level 
In the OECD nations forest conservation rather than afforestation has been the 
cause taken up by NGOs such as the Save the Redwoods League and the Sierra Club 
in the U.S.A. and the Tasmanian Wilderness Society in Australia. The practice of 
forestry was seen to be more the province of professional associations of foresters. 
This has also generally proved to be the case in developing nations where NGOs have 
been established to lobby for better forest management and tighter controls on 
deforestation. Perhaps the best known of such groups are the Chipkos, who have 
hugged trees in the Himalayan forests to prevent them from being felled (Baker, 1981). 
However, the Chipkos have also been calling for more afforestation in order to 
safeguard the vital forest cover on watersheds. 
Another example in India is the Millions of Trees Clubs - the Environmental Divi-
sion of the Youth Hostels' Association of India - , which aims to build a national, 
decentralized movement capable of tackling the problem of deforestation at the grass 
roots level by establishing 'people's nurseries' and labour brigades capable of im-
plementing a massive nationwide programme of tree planting and maintenance (Abel, 
1982). 
In several other countries local NGOs may also actively promote forestation, e.g. 
the Asian Recycling Association in the Philippines. 
Constraints on the effectiveness of NGOs in promoting, funding and implementing 
forestation programmes 
(1) Poor general awareness of the problem The general awareness in the OECD na-
tions of the need for forestation in the tropics is, in this author's opinion, at a very 
low level. This is reflected in the low priority given to forestation by most funding 
agencies - including NGOs (Grainger, 1983). One major reason for this lack of 
awareness is poor coverage by the media. The problems of deforestation in the arid 
and semi-arid tropics and montane regions are very different from those in well-
publicized regions of the humid tropics. In the Amazon Basin, for example the choice 
often presented is that between cutting down or not cutting down a forest and 
382 
reforestation is at best a fringe issue. Another reason is the absence of a sustained cam-
paign by an NGO to continually draw the attention of the media to such topics and 
provide reliable information to assist fellow NGOs in the formulation of balanced pro-
grammes. Moreover, any assessment of the scale of NGO involvement in forestation 
projects is hampered by lack of data. 
(2) Lack of coordination between NGOs and agencies of governments and inter-
governmental organizations NGOs greatly value their independence and their 
capacity to respond quickly to needs perceived by their representatives at grass roots 
level in developing nations. Nevertheless, the lack of coordination between their ac-
tivities and those of governments and inter-governmental organizations can result in: 
NGOs not being closely involved in the planning of national and international pro-
grammes; a lower availability of technical information than might be desirable; and 
the lack of compiled data on their activities that has been mentioned above. Poor coor-
dination can also be an important constraint on project implementation, as was 
observed in the case of the OXFAM-Belgique project in Senegal referred to above. 
(3) Lack of research and development support The lack of funding and personnel 
for research and development in tropical forestry affects all organizations working in 
this field, but until recently research projects directed towards the development of tree 
crops and afforestation practices for use in social forestry schemes have been small in 
number and poorly funded. NGOs would benefit from much closer links with na-
tional and international forestry agencies and research institutes and from cooperative 
applied development programmes to serve the practical needs of afforestation projects. 
(4) Lack of technical support Although NGOs may be very enthusiastic about 
forestation projects and successful in motivating local people to participate, lack of 
technical support, resulting from a combination of the above factors, may prove to 
be a major constraint which at some stage can threaten the success of the whole pro-
ject. Many projects are not designed by trained foresters and suffer accordingly. If a 
consultant is brought in at the project planning stage he or she might not be present 
to deal with problems arising during project implementation. 
(5) Difficulties in seed supply NGOs in developing nations are often dependent on 
national forestry departments for seed supplies. However, the latter are geared mostly 
to procuring seed of industrial wood species rather than*that of multi-purpose species 
frequently planted in social forestry programmes. Imported seed is expensive and 
often of unreliable quality. Seed obtained through informal channels (from either 
home or abroad) may not be subject to the kind of quality control that is desirable: 
another consequence of NGO's lack of technical support (Buck, 1983). 
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Conclusions 
It is evident from the above discussion that certain measures are required in order 
to increase the effectiveness of NGOs in forestation activities: 
1. NGOs specializing in forestry and/or environmental issues should give far more 
publicity, on a continuing basis, to the need for forestation. This will be beneficial in 
two ways: by convincing other NGOs of the importance of having significant foresta-
tion components in their programmes, and by helping to increase the flow of funds 
from the general public for forestation. 
2. There should be greater coordination between NGOs, governments and in-
tergovernmental agencies, at local, national and international levels. This should help 
to ensure that NGOs are more closely involved in the planning of international pro-
grammes, and could result in an increase in the flow of technical information to NGOs 
and in the number of projects that are jointly funded by NGOs together with govern-
ments and/or inter-governmental agencies. There should be an investigation into ways 
in which the activities of NGO's can complement those of governments and inter-
governmental agencies. Unnecessary duplication of efforts could then be reduced. 
3. Such increased coordination should also lead to closer links between the various 
NGOs active in forestation, with the possibility of joint programmes aimed at improv-
ing technical support (including better seed supplies), a stronger voice at national and 
international levels, and a more comprehensive database on NGO forestation ac-
tivities. 
4. Strengthening the technical capacities of NGOs in developing nations is of crucial 
importance. An investigation is needed into ways by which this could be achieved with 
the cooperation of OECD-based NGOs. Personnel exchanges /sabbaticals and low-
cost supplies of plant materials and technical literature would be greatly welcomed by 
NGOs in developing nations. 
5. A further increase in the level of technical support could result from improved 
liaison between NGOs and leading educational and research institutions having exper-
tise in this field, with the possibility of special training courses for NGO personnel, 
secondment of staff and/or students to NGO projects, and the funding by NGO, of 
appropriate research projects at such institutions. 
6. It would also be beneficial if major NGOs had at least one full-time trained 
forester on their staffs. 
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International policy and action for forestation 
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Summary 
After a brief background covering the history of reforestation and afforestation and its ac-
celerating progress over the last 30 years since World War II, the paper traces the evolution of 
present international forest policy supplemented with reference to the past and current events 
which moulded it. Requisites for the succes and constraints to be overcome are listed, discussed 
and lead into a description of international and national action on forestation summarized by 
conclusions and brief recommendations. 
Keywords: Forest policy, forestry development, developing countries, international organiza-
tions, international aid and collaboration 
Résumé 
La politique et les activités internationales concernant le boisement 
Après un abrégé de l'histoire du boisement de réconstitution ainsi que du boisement d'exten-
sion et leurs progrès depuis les trente dernières années (après la seconde guerre mondiale), ce 
document donne un aperçu de l'évolution de la politique forestière mondiale actuelle et fourni 
des références sur le passé et les événements qui l'ont forgée. Les nécessités requises pour en 
assurer le succès, ainsi que les difficultés à vaincre sont mentionnées et discutées, et amènent 
à la description des actions de boisement nationales et internationales. Le document se termine 
en donnant des conclusions et des recommandations sommaires. 
Brief historical review of forestation 
In Europe and the Mediterranean, the first recorded propagation and planting of 
a tree crop can be traced back to the culture of olives (Olea europea) by the Egyptians 
from whom it spread in biblical times through Asia Minor into Greece and reached 
Rome in the time of Tarquinius Priscus in the second half of the 6th Century B.C. 
(Simani & Martinenghi, 1950). Plantings of other trees species for aesthetic purposes 
were carried out by the Tarquinius Superbus 534-510 B.C. One of the Ptolemy's 
(332-330 B.C.) encouraged tree planting in Egypt and drew up regulations covering the 
planting of trees and bushes on embankments (Dixon, 1974). 
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On the whole the ancient Mediterranean civilisations paid scant attention to 
systematic forestry although well aware of the importance of forest resources for 
strategic and construction needs. The exploitation of these resources started as early 
as the second millenium B.C. for the development of cities, fleets and the provision 
of fuel and its effects are to be seen today (Empire Forestry Association, 1947). The 
foundations of modern forestry were really laid down in the German and French-
speaking countries which possessed neither the great forest resources of Northern 
Europe nor the warm Mediterranean climate and were more dependent on sustained 
yield management to ensure continued timber supplies for construction and energy 
for domestic use and industry. Coppice systems were largely used for broadleaved 
species and conifers were often seeded; the first record of the collection and introduc-
tion of Scots pine seed, for instance, was dated 1420. 
Increasingly greater concentration on the introduction and cultivation of faster-
growing conifers outside their natural ranges imparted some hard lessons in disease 
susceptibility and decreased growth in the second rotation, prompting a return to the 
use of indigenous species. Actual tree planting, rather than sowing, started in the mid-
dle 1700's (Empire Forestry Association, 1947) placing greater emphasis on improved 
growth of individually spaced trees rather than relying on the selection and release of 
the best individuals from densely stocked seeded stands. This trend towards tree plan-
ting was the response to the rapid depletion of forests in North West Europe at that 
time and was accompanied by forest legislation and institutional measures to protect 
forest reserves. 
Development was slow in the British Isles when John Evelyn (1620-1706) produced 
'Sylva, a Discourse of Forest-Trees and the Propagation of Timber' for the commis-
sioners of the British Navy. The work resulted more in the planting of exotics as or-
namentals rather than forest trees (Empire Forestry Association, 1947). However, the 
decline in rural life in Britain brought about by the industrial revolution in the 19th 
century, caused the neglect of woodlands which were later heavily exploited together 
with other timber reserves during the First World War. This resulted in the creation 
of the British Forestry Commission in 1919 and the inception of an increasingly large-
scale programme of plantation establishment. 
Outside Europe, India was probably the first country to adopt in 1855 (Gane, 1983) 
national policies of conservation under the stimulus of extreme population pressure. 
A little later, Burma, in order to protect and control the cutting of its valuable teak 
stands, introduced scientific forest management together with the introduction of the 
'Taungya' system of plantation establishment, reflecting local practice and possibly 
imitating 18th century German habit of cultivating grain and vegetables during the 
first year after harvesting a forest crop. About 8000 ha of teak were established under 
this system in Burma by the year 1900 (Evans, 1982). 
The late 1800's saw the large-scale introduction and planting of Eucalypts in Sao 
Paulo State, Brazil (Beresford-Pierce, 1962) and later the widespread introduction and 
planting of Pinus radiata and other pines in other countries of the Southern 
Hemisphere. 
387 
In general, man-made forests have developed rapidly over the last 100 years, not the 
least of which are the plantations of Hevea brasiliensis which, from modest beginnings 
in 1876 covered 260 000 ha just before the First World War and have now attained 7.1 
million hectares in 7 African, 14 Asia-Pacific and 2 Latin American countries. 
Possibly the largest monospecific plantings of any former forest tree species so far 
conducted in the tropics together with the development of intensive tree breeding to 
increase yields, site quality studies and research into effective methods of weed con-
trol, disease control and fertilisation. 
The heavy exploitation of timber reserves during two world wars and the changing 
emphasis on the production of wood for round timber, fuelwood and charcoal towards 
large-scale industrial conversion in addition to the needs for sawn timber for post-war 
building booms, prompted foresters to try and symplify their work and increase pro-
ductivity through the creation of artificial stands (Guillard, 1980). 
Man-made forests have developed spectacularly over the last 50 years and where in 
former times species were grown more or less within their natural ranges, international 
transfers of species have now become common between countries and regions with an 
expansion in the use of conifers. Fast-growing, highly-productive species provide long, 
well-formed stems and/or high volume production for pulping and panel boards 
(Guillard, 1980). 
Table 1 and Figure 1 show the rapid increase in forest plantation establishment in 
68 tropical countries of the world's 3 main regions (Latin America 20, Africa 33, Asia 
15) not including Indonesia and China for which adequate progressive plantation 
establishment figures were not obtained. 
It is estimated that by the end of 1985, 8.2 (9.9 million including Indonesia) million 
hectares of industrial land and 6.1 (6.9 million including Indonesia) million hectares 
of non-industrial plantations will be established starting from a pre-1951 total figure 
of 0.088 and 0.086 million hectares (Lanly, 1981). Figure 1 illustrates the steep and fair-
ly regular increase in planting rate which was interrupted by major decreases in the 
rates of establishing industrial and non-industrial plantations in Brazil between 1960 
and 1970. India, in the Asia-Pacific Region, Brazil in Latin America and Madagascar, 
Nigeria, Ivory Coast and Kenya in the African Region are the biggest contributors to 
tropical forest plantation establishment. 
Evolution of, and present international policy on, forestation 
FAO's forest policy as proclaimed by Sir John Boyd-Orr, the first Director-General 
of FAO, in the first issue of UNASYLVA (Boyd-Orr, 1947), reflected amongst other 
considerations of conservation and protection, the world's preoccupation with post-
war rehabilitation and the need for improving and widening the industrial processing 
of wood in order to keep pace with the world's accelerating demand for wood and 
forest products. Fifteen years later, another article in UNASYLVA by Henry 
Beresford-Pierce (1962) echoed this need but also posed the question as to how forests 
should best fulfill their protective role in the face of attitudes which regarded them 
388 
ß 
CS 
ca 
ß S U 
M 
C 
3 
>n 
oo 
OS 
o. 
3 
CS 
J3 
fi 
3 
O 
O 
00 
H 
'S 
O 
B 
CS 
•a 
O -3 CS CS 
Ü 
7s 
3 
g 
I 
e 
o Z 
<u 
> <ü 
T3 
ß 
T3 
J3 
«5 
3 
CS 
«1 
ß 
.o • * - * 
CS 
ß 
"ÖS 
3 
T3 
ß 
B O 
'5b 
<u 
04 
™ SS 
-t-» »—I 
o 
CN 
CN 
r-
VO 
Os 
00 
m CN 
r~-
OS 
r-CN 
tr> 
VO 
CN 
t -
• t 
O 
r-
r-
^^  
>n 
vo 
» - H 
VO 
i - H 
O 
VO 
>n 
t -
<n CN 
T f 
VO 
00 
O 
TT 
r~ 
VO 
© 
00 
oo 
vo 
o o 
E4-. » O 
O 
vo 
>n 
vo 
O 
r» 
i 
VO 
VO 
O 00 
CN 
vo 
oo o 
O 
O 
CM 
3 83 
O Os 
O 
>n 
Tt <n Tt 
•* vo OS 
- H CN 
~H i n t— 
i f i r- vo 
vo VO V) 
m es os 
m er> CN 
8 0s 00 Tf VO 
c»-> CN r^ 
" o m Ti 
N vo - i 
-H e s 
OS vo OS 
i n n Tf 
Os Os -H 
m es oo 
«n vo vo 
•* m c*-> 
— I — Tfr 
oo r~ <n 
vo 
00 
vo 
vo 
CN 
OS 
CS 
s 
I"« 
O 
OS 
•«t 
© 
vo 
00 
OS 
o 
vó 
vo 
O 00 
_ I 
00 
»—1 
CN 
OS 
T f 
CN 
00 
o en 
•sf 
•si-
en 
i—< 
OS 
«n 
T f 
O 
o 
^ H 
TT 
CN 
i n 
T f 
VO 
00 
Ti-
es 
t-~ VO 
, 
O 
Os 
r~ 
r-OS 
00 
o vo 
T t 
VO 
OS 
OS 
ï - H 
VO 
CN 
l 
1 
^ 
T t 
O Os 
CN 
-* >n 
>n 
vo CN 
rrt 
o 
£ 
< 
s 
rrt 
J 
• il, 
CU 
fci 
< 
.2 5 
<q O 
1 
1 
1 
>n 
CN 
t 
oo 00 
CN 
-o 
CS "ÖS 
a 
o T3 
C 
>—< cm 
c 
3^ 
_3 
73 X 
CJ 
CS 
!U 
B 
'3 Ü 
CD 
Z 
CS 
3 
ft CS • 
* £ OB OS 
B —' 
^ " 3 O 
73 •" 
S m 
389 
area (lO^ha) 
2500-
2000-
1500-
1000-
500-
EL 
1950 
il 1960 1965 1970 1975 1980 1985 
(estimated) year 
Fig. 1. Total areas (x 103 ha) established as industrial (white) and non-industrial (black) forest 
plantations up to 1950, from 1950 to 1980 and estimated 1980-1985. Source: Tropical Forest 
Assessment Project. 
merely as sources of raw material. Attention was drawn to the possibility of increasing 
the productivity of fast-growing species and improved plantation establishment pro-
cedures with economic considerations as the yardstick for investment of funds, time 
and effort. It was at this stage the idea of the cooperation, if not involvement, of local 
inhabitants was introduced in order to improve the general productivity of the land . . . 
'even if by slow and costly procedures as gauged by economic criteria' as well as the 
idea of the consideration of t he . . . 'reciprocal relations of living organisms - plants, 
animals and man - and their environment' as an essential guideline for the work of 
FAO. 
A number of important international meetings then proceeded to mould world 
forestry opinion. In 1967 current and past knowledge on the creation and use of man-
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made forests was presented and discussed, during the 'FAO World Symposium on 
Man-made Forests and their Industrial Importance', held in Australia. This sym-
posium acknowledged (FAO, 1967) that accelerating pressures of demand for land, 
forest products, amenity and protection were making it necessary to consider the 
multi-purpose use of forests and that man-made forests have distinct productive ad-
vantages over natural forests although being rather demanding in terms of organiza-
tion, managerial skill, finance and effort while, at the same time, being rather 
vulnerable to damage from fire, severe climatic changes, diseases and insect attack. 
Roughly 80.6 million hectares were estimated to have been established in the world at 
the end of 1965. The above symposium was, in effect, the last to place emphasis on 
'Industrial Importance' and the trend towards other broader objectives can be traced 
through the recommendations of the various international meetings such as sessions 
of the FAO Committee on Forestry (COFO), which were held at 2-year intervals from 
1972 onwards and the World Forestry Congresses held at 6-year intervals. 
The first session of COFO held in 1972, indicated that FAO's role was to 'act as a 
catalyst and executor in the transfer of knowledge' and that... 'whereas in the past 
the economic aspects of forestry have been of prime importance, more emphasis 
should now be given to human and social criteria in the evolution of forestry' (FAO, 
1972). The theme of the 7th World Forestry Congress held in Argentina in 1972, 'The 
Forest and Socio-Economic Development', further echoed this trend. Another impor-
tant event in 1972 was the UN Conference on Human Environment held in Stockholm 
during which, in regard to man-made forests, it was stated that in environmental terms, 
forest plantations had a number of advantages: utilizing time and space more effi-
ciently and producing raw material of a comparatively uniform size and quality; 
relatively simple to manage; capable of being established at planned locations and 
more responsive to advances in science and technology than natural forests (UN, 
1972). 
Ten years later, M.K. Tolba, the Executive Director of UNEP, described poverty as 
the 'worst form of pollution' and in stressing the need to 'stop the haemorrage of soil 
loss' indicated that this could be arrested by widely implementing existing counter 
desertification plans, soil conservation strategies and tree planting programmes. He 
also predicted that problems of water would share the position of global concern dur-
ing the 1980s that was held by energy during the 1970s (Tolba, 1982). 
The recommendations of the 2nd, 3rd and 4th sessions of the FAO Committee on 
Forestry (FAO, 1974, 1976, 1978) progressively drew attention to the importance of 
multi-disciplinary approaches to forest development, environment, fuelwood needs, 
shifting cultivation, forest genetic resources and tree breeding, food production on 
forest lands and the integration of forestry in rural development. The 8th World 
Forestry Congress held in 1978 in Indonesia gave rise to the Jakarta Declaration: une-
quivocally orienting forest management towards the benefit of the population and 
placing emphasis on broad objectives of production and multiple use requiring im-
proved land and resource management. As far as plantation forestry was con-
cerned, emphasis was placed on intensive management to maximize the full use of pro-
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ducts and to ensure that the benefits from utilization would reach the level of rural 
communities. 
The 5th session of COFO in 1980 (FAO, 1980) can be recognized as a bridge between 
the industrially oriented three previous decades and the more environmentally and 
socially oriented 1980s. The rising cost of energy from fossil fuels had placed emphasis 
on the use of wood as an alternative source of energy and had drawn attention to the 
critical and growing shortage of fuelwood in the drier zones of many tropical develop-
ing countries. It was recommended that wood for energy should become an integral 
component of forest management objectives together with watershed management 
and environmental protection. Future approaches to the subject were to be more 
balanced and fully integrate the protective, productive and social functions of forestry. 
Forest plantations were given passing mention under the heading of forest resource 
management while stressing the need for innovative management models together 
with the further identification of species and production of seed for afforestation, 
particularly on degraded soils and under arid and semi-arid climatic conditions. 
Two internationally important policy and planning forecast documents contributed 
to the formulation of forestry policy in the early 1980s. The first of these 'Agriculture: 
Towards 2000' (FAO, 1981b) highlighted deforestation, its causes and consequences 
and indicated that the contribution of forestry to farming has been 'greatly 
underestimated in the past'. Forestry, as an integral part of rural development, will re-
quire radical policy changes, combining intensive forest management with local com-
munity systems, techniques with multiple-use objectives and a wide variety of species 
of planted trees. This new style of forestry will require a new breed of worker with an 
adequate appreciation of forestry-agriculture inter-relationships. 
A second study 'World Forest products: Demand and Supply 1990-2000' (FAO, 
1982a) analyzed wood production and consumption for both hardwoods and soft-
woods. World demand for industrial softwood appears unlikely to outstrip supply bet-
ween 1980 and the year 2000, although output will be 'stretched close to their physical 
supply limits...'. Reforestation in Japan and current afforestation programmes in 
Latin America and Oceania are expected to more or less double towards supplying this 
need. However, the physical limits of supply may be reached by the year 2000, to avoid 
which, the annual afforestation of 1-2 million ha would be necessary; a target to which 
Brazil and China may be the largest of the potential contributors. 
The international concern about forestry policies were also reflected in several inter-
national meetings which took place in the early 1980s. In 1982 the Organization of 
African Unity (OAU) laid down the 'Lagos Plan of Action for the Economic Develop-
ment of Africa' (OAU, 1982) which, among others, recommended the closer integra-
tion of forestry with agriculture in order to ensure adequate supplies of fuelwood and 
increase the contribution of forest resources to industrialization together with the pro-
gressive expansion of areas under forest regeneration programmes by 10 percent per 
annum up to 1985, with special attention to community woodlots and agroforestry. 
In the same year the UN Conference on New and Renewable Sources of Energy stress-
ed the critical situation in regard to fuelwood in many countries (UN, 1982). 
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The FAO World Conference on Agrarian Reform and Rural Development in its 
'Peasants' Charter' (FAO, 1981a) recommended the establishment of community con-
trol over natural resources such as forests, rangelands, water and other natural 
resources as well as the promotion of forestry activities involving local people and sup-
port to village forestry for the purposes of ecological protection, to meet local needs 
for fuel, wood products and fodder with an accent on the alleviation of rural poverty. 
Concurrent with these developments the UNEP 1st Expert Meeting on Tropical 
Forests in Nairobi in February/March 1980 and the FAO/UNEP/UNESCO 2nd Ex-
pert Meeting on Tropical Forests in Rome in February 1982 also recognized that high 
priority had to be given to the socio-economic aspects of tropical forest management 
activities and identified activities prompted by rural poverty as the major cause of the 
rapid degradation and depletion of these resources. In the section of a background 
paper prepared for the 2nd Expert Meeting and covering actions for the establishment 
of tropical forest resources it was recognized (among many other factors), that the 
creation of man-made forests would help to alleviate pressure on existing resources 
and that definite consideration should be given in management planning for the par-
ticipation of rural populations in the ownership and benefits derived from these man-
made forests and the conversion of the raw material derived from them. The 6th Ses-
sion of the Committee on Forestry in 1982 (FAO, 1982b) drew attention to the adverse 
influence of rural poverty and the search to satisfy basic human needs for food on the 
depletion and degradation of tropical forests and gave high priority to the use of wood 
for the production of energy. Emphasis was also laid on the need for action to 
ameliorate the effects of aridity on the life of rural communities and the need to plant 
hardy indigenous tree species to alleviate need in such areas. International cooperation 
was to be strengthened to continue to assess and monitor forest resources, in 
establishing plantations and associated tree breeding, agro-silviculture, food and 
other little known products from forests, use of lesser-known tree species for raw 
material, forestry extension and forestry for local community development. 
From the outcome of the various meetings it can be seen that as far as the developing 
countries are concerned, except perhaps with the exception of those that already have 
large industrial plantation programmes (Brazil, India), that increasingly greater em-
phasis will be given to the establishment of 'non-industrial' plantations for fuelwood 
and multiple-use food, fodder and environmental stabilisation objectives, possibly 
resulting in an increase in the overall proportion of non-industrial to industrial planta-
tion establishment and tree species use. 
On the other hand, there appears to be a distinct and increasing emphasis for large 
private enterprises or joint enterprises (government/private enterprise) and for 
parastatal enterprises to become involved in plantation establishment. As indicated by 
Palin in this volume, these enterprises can make full use of existing and developing 
new technologies at all levels of the process from breeding and progagation to 
maintenance and harvesting as well as the integration of forestry with agriculture. This 
appears to be occurring in both developed and developing countries (Perhum 
Perhutani, Indonesia; SAF, Italy,- AFOCEL, France; JARI, Brazil; PICOP, Philip-
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pines, etc.). 
The policy of fully integrating rural populations in plantation ventures will be 
beneficial to both the enterprises and the populations themselves. Results should be 
reflected in improved protection and work output together with higher contributions 
from interested smallholders in industrial schemes and from private individuals, land-
holders and community organizations in schemes related to Forestry for Local Com-
munity Development. Fuller details on the capability of smallholders to contribute to 
forest production are given by Arnold in this volume. 
In regard to formulating forest policies Gane (1983) has advocated the 'pervasive' 
approach which, 'unlike the manifesto approach requires action at all levels of the 
forestry administration'. Policy making is a process which, although covered by broad 
declarations of intent providing a framework of work programmes and implementa-
tion targets, must not be carried out in isolation from administration and planning 
procedures. 'Instead it should become an integral part of them on a day to day basis'. 
The wide membership of nations in FAO provides a particular opportunity for the 
formulation of such policies in line with the evolving needs of developing countries. 
During the 21st session of the FAO Conference in November 1981 (resolution 4/81: key 
role of forestry in rural development and its long-term aspects) the members noted the 
phenomena of rapidly increasing wood consumption and rapid deforestation together 
wich the lack of most basic products and benefits from forests of many communities. 
They also noted the potential role that the development of community forest areas and 
village forestry programmes can play in alleviating some of these needs as well as the 
involvement of local populations in solving the problems of wood (especially 
fuelwood) supply. The key role of forestry in rural development had already been em-
phasised in the World Conference on Rural Reform and Rural Development and the 
conference therefore called on governments to take this into account and to 'devise and 
pursue policies to preserve the environmental and ecological heritage, so that the 
resources of nature are wisely used... ' The members supported the Director General's 
'Strategy for Development' giving full weight to 'the key role of forestry in rural 
development with special references to the conservation and regeneration of species 
important to all people'. 
The previous paragraphs of this chapter show how global policy has evolved with 
changing needs, the realization which has been assisted by the provision of reliable, 
relevant and up-to-date data obtained recently by such studies as the FAO/UNEP 
Tropical Forest Resources Assessment Project carried out within the framework of the 
Global Environment Monitoring System (GEMS) (Lanly, 1981). If it is essential that 
the above changing policies filter down to and are reflected in action at national level, 
how and in what form are they reflected in the policy of the FAO forestry department? 
The core of the Department's programmes under the heading of forest resources and 
environment within the framework of the Organization's medium term objectives is 
(FAO, 1983): 
- forest resources assessment, monitoring and management and forest land evalua-
tion with related work on remote sensing and data processing systems; 
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- work on man-made forests, forest genetic resources and seed procurement, with 
substantial support from the International Board of Plant Genetic Resources and the 
United Nations Environmental Pogramme; 
- promotion of rural development, land-use improvement and land rehabilitation in 
upland watershed and arid zone forest areas; 
- management of wildlife and protective areas; 
- forestry and rural development programmes comprising community development, 
emphasis on the potential of forest enterprise to generate income; continuance of 
work on subsistence forestry at community level; combining forestry with other forms 
of land use to improve productivity while avoiding environmental damage; fuelwood 
projects focussing on supply/demand analysis and on increasing production and effi-
ciency of use. 
In summary, international policy supports forestation in developing countries as a 
means of, firstly, relieving pressure on natural forest and forest land resources for the 
production of fuelwood and industrial raw material and secondly, as a component of 
rural development assisting in ameliorating possibly treeless or tree-deficient rural en-
vironments and providing for multiple-purpose yields of products and benefits to 
combat rural poverty and improve standards of living. 
Development of international action to assist national efforts in forestation 
Requisites f or success in forestation 
The basic concepts for the establishment of man-made forests have already been 
discussed in this volume in the introduction and the papers of the first session. 
The establishment and management of forest plantations is an intensive form of 
forestry practice which requires a wide range of managerial and practical skills for suc-
cessful implementation. As discussed in several of the foregoing papers the presence 
or absence of these skills and the human resources to implement them will strongly 
influence the success or failure of a given plantation scheme. Briefly, the factors con-
tributing to success can be listed as follows: 
1. Clear analysis and definition of objectives of the plantation to be established 
based on clearly defined needs and a strong commitment in terms of policy and ade-
quate finance. The above implies efficient high level management with a clear com-
prehension of the function and use of forest plantations within the context of rural 
development, forest and environmental policy. This also'requires administrative skills 
permitting convincing project formulation and ability to secure government or other 
finance, also implying political persuasiveness and acumen on the part of the adminis-
trator. 
2. Definition, planning and application of techniques and systems appropriate to 
locally available skills, social, economic and cultural factors. This requires ap-
propriately trained and oriented leadership at the professional executive manager 
level, possessing experience in and full appreciation of the technical and human fac-
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tors involved and an ability to motivate and control staff. Recognition of and adequate 
remuneration for these skills and responsibility are essential. 
3. Direction and control of field and nursery operations with the necessary sense of 
urgency and commitment required when dealing with the handling of living material, 
its progagation, transport and establishment on suitably prepared sites and under the 
best conditions possible and later its maintenance for optimal growth within strict 
financial constraints. For optimal direction and control a well-trained and oriented 
sub-professional staff is required with adequate remuneration for responsibility, time, 
effort and skill and under good leadership. 
4. Execution of field activities ranging from propagation, plant handling and plant-
ing through weeding and a host of other silvicultural operations such as pruning, seed 
collection, thinning, firefighting, surveying, roadmaking, etc. This requires suitably 
motivated, led, trained and adequately remunerated field workers with a wide ex-
perience of forestry activities and possessing the necessary skills in the handling and 
maintenance of an adequate array of tools, equipment and materials. It is not often 
appreciated in developing countries that the well-motivated experienced and skilled 
forest worker can perform tasks more rapidly, effectively and for a longer duration 
than an untrained counterpart. 
5. Maintenance of a good relationship with rural or local urban dwellers and holders 
of rural (or urban) land in the vicinity of the plantation. Time and effort are required 
for this and will pay dividends in improved protection of the resource through the 
cooperative attitude of its neighbours. As in all human relationships confidence and 
the fostering of a responsible attitude has to be cultivated through the provision of 
some benefits (other than wages) such as permission to cultivate firebreaks for cropp-
ing, agro-silvicultural use of land cleared and prepared for planting, permission to 
remove dead wood as fuelwood, the provision of seedlings for forestry extension and 
amenity purposes, grazing rights (where appropriate) and so on. The plantation 
manager should be involved in the maintenance of the above relationship but could 
be materially helped by at least the part-time assistance of a trained extension agent, 
skilled in the arts of communication, exchange of information and persuasion. 
6. Appropriate administrative control of physical progress, expenditure and cost 
analysis. This is time-consuming, laborious and requires consistent effort at super-
visory levels both in terms of field inspections of work carried out as well as records 
of expenditure on the many and varied operations undertaken. These records and 
analysis provide a solid basis for future planning together with the large-scale maps 
(1:10 000 -1:20 000) which are an essential component of the control activities. Such 
administrative controls require the designing and implementation of suitably simple 
yet effective pay and cost-control procedures and the provision of adequate ad-
ministrative support to ease the burden on primarly field-oriented supervisors. 
It can be seen that most aspects of tree planting require to be inculcated through 
appropriate training at all levels of responsibility. When the objective is the planting 
of trees in line plantations, woodlot blocks and groups the emphasis of training and 
transfer of technology will be at the level of the villager or the employees of a village 
396 
or larger rural community organization. The same basic principles apply: care and at-
tention to the needs of seedlings and growing stock, correct selection and adequate 
preparation of sites and careful maintenance and harvesting to ensure success. Far 
more is now becoming known about the selection of appropriate species and pro-
venances and technical advice on this variable is rapidly improving, shifting the onus 
for success more and more on the aspects of establishment, maintenance and wise use 
of the man-made resource. 
Past experience over a wide range of developing and developed countries has shown 
that an 'extensive' rather than 'intensive' approach to plantation establishment is 
either doomed to failure or at best will produce unsatisfactory, sub-standard results 
except in the case of a very few species of exceptional hardiness and growth potential 
with a capacity for natural regeneration under the particular climatic and soil condi-
tions involved. 
Constraints to be overcome 
In the foregoing papers already several constraints, which are faced by those inten-
ding to establish man-made forests have been indicated. The major ones l-'8 are sum-
marized below together with comments on the general consequences (c) and some sug-
gestions (s) as to how these could be overcome. 
1. Lack of clear objectives, excessively narrow objectives in relation to rural develop-
ment needs. 
(c) Frequent inappropriate selection of species, poor siting, inadequate or inap-
propriate maintenance and public criticism of inappropriate land-use. 
(s) Define objective clearly, even if multiple, select species to suit, plan carefully 
and ensure survival and growth through adequate care, maintenance and protec-
tion. 
2. Institutional weakness. 
(c) Inability to efficiently execute projects or having established man-made forests, 
inability to follow through plantation programmes to the production stage, 
(s) Maintain very modest plantation objectives and rate of establishment, concen-
trate on the education of leaders and supporting staff capable of training their 
subordinates. 
3. Lack of finance. 
(c) Weak representation to government for the creation of positions. 
Ability to establish but not to maintain and protect established plantations. 
Dissatisfaction and unrest at level of subordinate staff and field workers, low work 
output. 
(s) Stronger representation to government of forestry needs and benefits to be 
derived from forests. Concentration on improving efficiency of operations to il-
lustrate favourable cost/benefit relationship, progressive transfer of plantation 
activities to private landholders, individual cultivators and private enterprises. 
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Concentration on conserving and utilizing natural vegetation resources. 
4. Gaps in technical knowledge. 
(c) Inappropriate selection of species, faulty seed purchases, handlings and 
storage, wasteful, costly nursery production, wasteful, costly, inappropriate plan-
tation establishment, destruction by diseases, insects, fire; lack of silvicultural 
treatments, inappropriate harvesting and utilization of products, 
(s) Appropriate training of senior personnel and potential future leaders through 
formal training and tours of inspection. Application for international assistance 
and specialist advice. Application of information/techniques gained. 
5. Particularly difficult soil and climatic conditions. 
(c) Continued failure of plantations of a wide variety of species, failure to 
establish a man-made resource. 
(s) Application for specialist assistance in research and the establishment of 
pilot/demonstration trials of species/site selection and preparation and establish-
ment techniques, fertilizer/insecticide applications on a progressively narrower 
selective basis to provide specific solutions to the problem encountered, resulting 
in prescriptions for species/provenances to be used and techniques to be applied. 
6. Extremely high population pressure and competition for land. 
(c) Lack of allocation of sufficient land for afforestation although the need for 
woodfuel may be acute and the progress of environmental degradation frighten-
ingly rapid. Progressive uncontrolled destruction of existing forest resources, if 
any. 
(s) Integration of forestry with agriculture as rapidly as possible through intensive 
programmes of public relations and forestry extension to ensure the acceptance 
of multi-purpose trees and tree crops on every available spare scrap of land. In-
volvement of local communities in the care management and wise use of existing 
vegetation resources through persuasion and appropriate legislation. 
7. Steep topography: high demand for grazing land and wood for energy. 
(c) Rapid degradation of vegetation on hill sides through cutting, overgrazing and 
fire resulting in erosion. Failure of plantations through browsing and fire, 
(s) Intensive public relations and forestry extension effort with an integration of 
forestry and animal husbandry objectives aimed at zero grazing through the pro-
duction of fodder from cultivated grasses and multi-purpose woody 'browse'. 
Combination of planting of multi-purpose tree species in combination with soil 
and water conservation work. Rationalisation of grazing pressure on lower area. 
Involvement of local populations in the shared management of areas of natural 
vegetation. 
8. Inadequate research and development activity. 
(c) Failure to get the best survival, growth, quality of products out of planted 
trees, destructive attacks by pests and diseases, loss of growing stock from cyclical 
climatic changes, losses from fire. 
(s) A continued, vigorous programme of tree improvement, species selection (em-
phasizing indigenous species or well-adapted exotics which hold no unpleasant 
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'surprises' in store) continuously improving methods of propagation, establish-
ment and maintenance, species mixtures to improve production and prevent fire, 
fire management and protection. 
The above list and suggestions touch on the combinations of activities which could 
apply to specific cases. Table 2 indicates in a broader form the particular cases and 
options open for study and action. 
Table 2. Matrix of critical areas and action (FAO/UNEP/UNESCO, 1982). 
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International assistance for f orestation 
Bearing the factors outlined in the previous paragraphs in mind and the absolute 
necessity of respecting national sovereignty to decide on national priorities, modes of 
action and types of assistance, the following policies and means are currently available 
to assist developing countries in the establishment and management of man-made 
forests. 
1 United Nations Organizations and Programmes 
1.1 FAO 
FAO is the lead organization in the UN family on forestry with a Head Office in 
Rome and over 250 specialists working in more than 70 countries. 
1.1.1 FAO Regular Programme 
Apart from the priorities given to forestry policy, legislation and administration, 
FAO provides assistance through its regular programme in a number of fields in-
cluding forestation as part of its regular Forest Resources and Environment pro-
gramme which comprises US $ 2.38 million for 1982/1983. Amongst other subjects, 
this specifically covers the promotion of integrated forest land-use projects, agro-
forestry practices, the promotion of improved techniques in and the management of 
man-made forests with emphasis on fuelwood production and improvement of tree 
species. This is achieved through the application of the principles and practice of forest 
genetics, together with the improvement of upland conservation practices in integrated 
land use and the need for attention to arid zones and mountainous areas, all related 
to some extent to afforestation. 
1.1.2 FAO Field Programme 
48 Large-scale national afforestation-related projects are operational in 1983, 25 of 
which are financed for US $ 29.44 million by UNDP, 18 are financed under trust funds 
for $ 33.05 million and 5 for $ 0.36 million under the technical cooperation pro-
gramme. The total budgets of these afforestation-related projects is $ 62.84 million 
from 1982 to 1986/1987. Up to the end of 1981 in relation to its field programme in 
tropical zones, FAO has published 693 reports of which 65 cover afforestation (9.3%). 
1.1.3 FAO Statutory Bodies 
These comprise the Regional Forestry Commissions, of which the Asian, African 
and Latin American ones are directly involved with tropical areas and three (the Euro-
pean, North American and Near East Commissions) deal with temperate and sub-
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tropical forests. Each regional forestry commission deals in one way or another with 
problems of reforestation and afforestation. 
As mentioned already the FAO Committee on Forestry (COFO) also plays a decisive 
role in FAO's Forestry Policy through its 84 member nations. This is also the case for 
the FAO Committee on Forestry Development in the Tropics with 45 member nations. 
This committee was established in 1972 and has met 6 times at 2 years intervals. 
Another important FAO statutory body in the field of afforestation is the Interna-
tional Poplar Commission devoted to the study of the scientific, technical, social and 
economic aspects of poplar and willow cultivation, to the exchange of ideas and which 
arranges joint research programmes. It comprises 32 member countries of which 15 
can be considered to be developing. A further important body is the FAO Panel on 
Forest Genetic Resources. 
Finally FAO has provided the Secretariat of the last 3 World Forestry Congresses 
(Madrid, Spain, 1966; Buenos Aires, Argentina, 1972 and Jakarta, Indonesia, 1978). 
1.2 International Labour Organization (ILO) 
ILO has been active in training specialized workers in forestry. It collaborates with 
the Economic Commission for Europe (ECE) in a Special Committee for Forest Work 
and the Training of Forestry workers, along with FAO. 
1.3 United Nations Environmental Programme (UNEP) 
UNEP maintains a constant watch on the changing state of the environment and 
has recently funded a study in collaboration with FAO on operational guidelines for 
forestation projects dealing with the environmental impact of reforestation, an in-
creasingly important consideration in relation to the increasing use of fertilizers, 
weedicides, insecticides and the use of particular land-preparation techniques. UNEP 
also financed the tropical Forest Resources Assessment Survey which has resulted in 
updated and realistic estimates of tropical forest cover and tropical forest plantations 
as well as the 2nd Expert Meeting on Tropical Forests held in 1982 co-sponsored by 
FAO and UNESCO. 
1.4 United Nations Educational, Scientific and Cultural Organization (UNESCO) 
UNESCO's foremost tropical forest activity is its Programme on Man and 
Biosphere (MAB) project no. 1: The Ecological Effects of Increasing Human Ac-
tivities on Tropical and Sub-Tropical Ecosystems. UNESCO contributes to tropical 
forest management by supporting and coordinating national and regional efforts in 
environmental monitoring (especially within the international network of biosphere 
reserves), integrated ecological research in tropical zones, training of scientific 
research and environmental education. The last three subjects having an indirect bear-
ing on the establishment of large-scale man-made forests in tropical zones. 
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1.5 United Nations Council on Trade and Development (UNCTAD) 
The United Nations Conference on Trade and Timber Development in creating an 
Integrated Programme for Commodities, listed tropical timber amongst the 18 com-
modities identified. At the 5th Preparatory Meeting of the Organization, it analyzed 
top priority areas in research and development as well as projects for international 
action in two major fields: (1) management and reforestation and (2) timber utiliza-
tion. It also examined the situation of international financial assistance for reforesta-
tion and forest management and concluded that the current allocations were totally 
inadequate. The organization considers these two subjects of particular relevance as 
regards maintaining future supplies of tropical timbers. 
1.6 United Nations Development Programme (UNDP) 
The United Nations Development Programme plays a decisive role in funding the 
formulation, establishment and operation of projects dealing with forests in develop-
ing countries mainly in the tropical world, but sometimes located in sub-tropical 
mediterranean and temperate regions. The UNDP Committee of International 
Development Institutions on the Environment at its 4th meeting in New York in 
May/June 1983, indicated the level of UNDP financial assistance to projects dealing 
with 'deforestation' (UNDP, 1983). In Table 3 these have been roughly broken down 
to distinguish between projects which appeared to be more clearly involved with 
reforestation/afforestation than other listed. 
UNDP (1983) has also stressed the need to educate foresters in how to quantify and 
how to convincingly present these quantified data on 'forest benefits' to planners and 
decision makers; that current rates of reforestation fall far below present and future 
environmental, energy and industrial needs and that the magnitude and unmitigating 
Table 3. UNDP finance to forestry projects since 1967 (after UNDP, 1983). 
Region 
Africa 
Asia/Pacific 
Arab states 
Europe 
Latin America 
Total 
Control of deforestation and 
desertification 
number 
of projects 
85 
47 
16 
16 
48 
212 
finance 
(106 US$) 
60.42 
34.02 
8.23 
5.09 
31.62 
139.38 
Afforestation and 
reforestation 
number 
of projects 
49 
20 
8 
8 
26 
111 
finance 
(106 US$) 
35.37 
16.59 
6.10 
2.74 
15.76 
76.56 
402 
nature of worldwide and national reforestation requirements are intimidating to 
governments who need to cultivate the support and involvement of rural communities 
in the effort to succesfully achieve their objectives. Assistance from UNDP appears 
to be on the decline and finance and technical assistance should be sought from other 
multilateral and bilateral sources. 
1.7 World Bank 
World Bank strategy is fundamentally aimed at improving the conditions of the 
rural poor, firstly through the improvement of their agriculture and in supplying their 
needs for domestic energy improving their standard of living. While providing finance 
for the development of wood-based industries, the World Bank places high priority 
on the integration of trees in agriculture, woodlots and investment in large-scale plan-
tations to supply the needs of national communities as a whole. The ceiling for loans 
for the period 1979-1983 was envisaged at US$ 500 million. This has already been sur-
passed. Attention is now being concentrated on the problems of renewable energy in 
60 countries, of which roughly 30 have been assisted. 
Tropical forestry is one of the more important priorities and a sum of US$ 750 
million has been allocated to cover 46 tropical countries. A sum of US$ 182 million 
was disbursed on these in 1982 (25% in Africa, 10% in Latin America and 60% in 
Asia). US$ 90 million were directly allocated to projects covering forest management 
and silviculture with a strong bias on plantations and forestry for local community 
development (Sène, 1983) on which 75% of the 1982 finance was disbursed'in one form 
or another. 
The World Bank's forestry programme is supervised by 14 forestry experts, three of 
whom are employed at FAO Headquarters within the World Bank/FAO Cooperative 
Programme. A review of World Bank Financial Forestry Activity (World Bank, 1983) 
which provides a succinct account of action undertaken in 1983 indicated the im-
pending appointment of a Special Research Coordinator to organize workshops on 
priority topics in Forestry concerning developing countries, following the WB/FAO 
recommendations to IUFRO. The paper lists criteria for the success of social forestry 
and industrial forestry projects, too lengthy to mention here but which, among other 
matters, conclude: 
- The most rapid progress in social forestry was observed in those countries with 
either a strong tradition of local cooperation or spontaneous tree planting in response 
to shortages. 
- Emphasis on individual tree volume production is of overriding interest in contrast 
with forestry emphasis on maximizing stem volume. 
- The relatively low cost of farm forestry is a significant factor in planning rural 
forestation programmes and tends to yield higher economic returns than traditional 
forest plantation investment. 
- Plantation forestry still has a vital role to play in the intensive and effective of pro-
duction of fuelwood, charcoal and round timber in semi-arid to arid zones requiring 
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effective soil preparation. Furthermore, the compensatory effects of adequate produc-
tion from plantation are evident in such countries as for instance as Brazil, Kenya and 
Chile. 
1.8 Regional banks 
The African Development Bank has granted a loan of US$ 6 million to an afforesta-
tion programme in Liberia while the Inter-American Development Bank has been par-
ticipating in forestry assistance in temperate/sub-tropical as well as tropical zones. In 
its operational policies the IDB will finance public or private projects in the following 
order of preference: 
- development of natural forests; 
- establishment of new plantations, for industrial use; 
- establishment of industries for the utilization of natural forests; 
- construction of access roads to forest zones, acquisition of logging/transport 
equipment; 
- regeneration of natural forests and establishment of new plantation for multiple-
use objectives. 
In 1982 the Asian Development Bank was considering a US$ 20 million loan to Bur-
ma for the development of forest plantations for which the total project cost was 
estimated at US$ 54.8 million. Other projects being considered included extensive 
replanting of trees in Pakistan, 10 000 ha of fuelwood plantation in Sri Lanka, village 
fuelwood plantations in Nepal, reforestation of degraded areas in the Philippines and 
community forestry in Bangladesh for a loan of US$ 11 million which latter was ap-
proved for co-financing with UNDP and cooperative arrangements with FAO (ADB, 
1982). The range and scope of the projects is indicative of the ADB's interest in the 
afforestation aspects of forestry development. 
1.9 World Food Programme (WFP) 
The World Food Programme assists governments through food aid to execute 44 
forestry projects with a strong forestation bias as well as the conservation of soil and 
water and control of forest fires. Table 4 indicates the extent of the organization's in-
terest and involvement. The allocations for the above projects comprise about 41% of 
the total budget of US$ 473.6 million on food aid at the end of 1982. 
1.10 International Fund for Agricultural Development (IFAD) 
IFAD is primarly concerned with the financing of agricultural development projects 
and the growing importance of energy deficiencies in rural areas has resulted in the 
inclusion of tree planting components in the above. IFAD envisages increasing its in-
volvement and support to well-integrated and well-planned plantations of tree plant-
ing where this appears promising and appropriate. 
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Table 4. World Food Programme expenditure on forestry and non-forestry projects by regions 
(Sene, 1983). 
Region 
Latin America 
Tropical Africa 
Pacific Asia 
Total 
Number of 
projects 
7 
23 
14 
44 
Total 
expenditure 
(106US$) 
70.9 
315.42 
87.28 
473.6 
Expenditure 
on forestry 
activities 
(106 US$) 
14.58 
103.71 
74.17 
192.46 
% proportion of 
forestry versus 
other activities 
20.6 
33 
85 
40.6 
2 Other international non-governmental organizations 
2.1 International Council for Research in Agro-Forestry (ICRAF) 
ICRAF is an autonomous non-profit organization with headquarters in Nairobi, 
Kenya. Its main contribution for forestation relates to programmes dealing with agro-
forestry systems research and evaluation as well as agro-forestry technology research 
and evaluation. ICRAF provides technical assistance in the conception, design and 
running of agro-forestry projects and systems, seminars, courses and maintains an in-
formation service on these subjects. 
2.2 International Union of Forest Research Organizations (IUFRO) 
IUFRO objectives are to promote international cooperation in scientific studies em-
bracing the whole field of research related to forestry, including forest operations, 
forest products and environment. 
The divisions with activities related to forestation are Division I 'Site and 
Silviculture' with related working groups SI.02 Site, SI.05 Stand establishment, treat-
ment and amelioration, SI.07 Tropical Silviculture (including agro-forestry); Division 
2 'Forest Plants and Forest Protection' with its strong bias towards tree improvement 
and genetics; Division 3 'Forest Operations and Techniques' and specific working 
groups S3.02-01 Stand estblishment, PI.04-00 Nursery Problems, PI.05 Arboriculture 
and urban forestry, P2.02-00 Productivity of Plantation Forestry with fast-growing 
species, P4.02-00 Economics and Harvesting of Thinnings and P5.03-00 Energy from 
Forest Biomass. 
FAO and the World bank participated in the 17th IUFRO World Congress at Kyoto 
in Japan and in a joint paper (World Bank/FAO, 1981) it was concluded that recogni-
tion of the role of forests and trees in improving agricultural productivity has been in-
creasing. Forestry research has not kept pace with this shift in focus on forestry 
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development and a fresh set of research priorities need to be drawn up to provide for 
the needs of developing countries for forestation with fast-growing species with special 
emphasis on fuelwood and homestead groves of multi-purpose trees, line plantings on 
boundaries, village woodlots and planting for soil and water conservation. Major 
research needs included: greater emphasis on trees in farming systems and watershed 
protection; maximum biomass production from trees for energy; improved conversion 
of wood to energy; more effective conservation and management of tropical 
ecosystems within the bounds of environmental protection. IUFRO's structure of 
technical divisions should be adjusted to deal with the above emerging priorities while 
the World Bank would stimulate forestry research in countries through its lending pro-
grammes to governments. 
National programmes of international cooperation 
A number of countries supply assistance in forestry to developing countries through 
ministries which back national bilateral aid, research and development agencies. It 
would be too laborious for the purpose of this paper to list details of all international 
activities in the field of tropical forestry. Based on the extensive review of these ac-
tivities given by FAO/UNEP/UNESCO (1982) in Annex 1 an overall idea is provided 
of which countries participate in supplying assistance to forestry activity. 
It is quite evident that there is a very wide range of aid activities available from 
developed countries. To these may be added the networks for the transfer of informa-
tion experience and expertise from developing countries in the African, Asian and 
Latin American Regions created by FAO Regional Projects and promoted by the FAO 
Regional Forestry Offices and FAO country representatives. Such assistance, known 
as Technical Cooperation from Developing Countries (TCDC) is an additional and 
frequently effective means of rapidly exchanging ideas, providing appropriate advice 
and technology in approaches to problems, encountered in developing countries. 
The main difficulty is to coordinate international activity at both international as 
well as country level, where much duplication of effort can occur. 
Conclusions 
International policies for forestation in developing countries have evolved over time 
from mainly industrial and relatively simple objectives to more complex multiple-use 
ones to satisfy the energy and other needs of rural dwellers dependent on subsistence 
agriculture and often living in extreme states of poverty. Considerations of the en-
vironmental and other benefits of forest crops, together with the impact of forestation 
on the environment and landscape in general, have also assumed increasingly greater 
importance. 
There appears to be an imposing array of means and sources of finance at the 
disposal of developing countries for obtaining assistance with the rehabilitation and 
re-establishment of their forest resources through various forms of tree planting (plan-
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tations, woodlots, line plantations, individual trees). Institutions, however, are often 
weak and unable to take adequate advantage of the assistance in finance, technology 
and ideas that are offered and it is evident that institutional strengthening through 
education and technical support are important components in overcoming con-
straints. 
The evolution of needs and policy indicated above has changed education needs to 
cover not only increasingly technical knowledge but also broader sociological ap-
proaches to the tasks of integrated land use and rural development now implied in 
forestation. Coordination and harmonization of assistance at both the international 
and national levels is essential in order to avoid duplication of efforts and funds and 
to ensure concerted action towards common goals. 
The need for wood, wood energy, diverse forest produce and 'forest influences' is 
growing in parallel with increases in population as is the appreciation of what natural 
forest cover can actually supply. Man-made forests are increasingly urgently needed 
to produce the wood which populations require by more intensive and efficient use of 
land and thus alleviate pressure on natural forest resources. Significantly improved 
establishment, management and protection of man-made forests and planted trees can 
only be attained through vigorous, imaginative and well-funded research and develop-
ment programmes, both at national and international levels. 
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Annex 1. National programmes of international cooperation for forestry included 
in other activities (after FAO/UNEP/UNESCO, 1982). 
Australia 
Agencies: Australian Development Assistance Bureau (ADAB); Australian National 
University (ANU); Commonwealth Scientific and Industrial Research Organization 
(CSIRO). 
Objectives: To strengthen the capability of developing countries (mainly in the Asia/Pa-
cific Region) to manage their own tropical forest resources through the provision of 
technical assistance and opportunities for education and training. 
Types of assistance: Trust funds; bilateral aid projects; allocations from the National 
budget; technical assistance from specialists and volunteers; provision of experts to 
the FAO Field Programme. 
Belgium 
Agencies: Agence générale de coopération pour le développement (AGCD); Universities 
of Gembloux and Louvain. 
Objectives: To follow up those objectives promulgated by WCARRD, concentrating on 
countries in southern Africa, the Sahel, Bangladesh, Thailand and its Andean region. 
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Types of assistance: Trust funds; bilateral aid projects; FAO experts and associate ex-
perts; UN volunteers. 
Canada 
Agencies: Canadian International Development Agency (CIDA); International 
Development Research Centre (IDRC). 
Objectives: To assist forest resource management, inventory, harvesting, utilization of 
raw material, wildlife management, agro-forestry and forestry protection (mainly 
against fire). 
Types of assistance: Bilateral aid projects; trust funds; direct technical assistance and 
support; volunteers; experts for the FAO field programme. 
Czekoslovakia 
Agency: Polytechna. 
Objectives: To provide assistance in forestry development to countries in a wide variety 
of fields on a reimbursable basis. 
Types of assistance: Recruitment of expertise; technical advice; supply of experts to 
FAO. 
Denmark 
Agencies: Danish International Development Agency (DANIDA); Danish Forest Tree 
Seed Centre, Humlabaek. 
Objectives: To meet the basic human needs of people living in countries where the 
average annual per capita income is US$ 250 or less. 
Types of assistance: Trust funds; experts for FAO; associate experts; collection, storage 
and coordination of genetically improved seed and arid, semi-arid zone species and 
provenances. 
Federal Republic of Germany 
Agency: Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ). 
Objectives: Improving technical capability through training and direct technical assist-
ance. 
Types of assistance: Bilateral aid programmes; volunteers; associate experts; experts 
to FAO programmes. 
Finland 
Agency: Department of International Development Cooperation, under Ministry of 
Foreign Affairs. 
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Objectives: Aid oriented towards forest industries, forest tree improvement and 
forestry for local community development. 
Types of assistance: Trust funds; bilateral aid; multilateral aid (Joint Nordic Pro-
gramme); associate experts; experts. 
France 
Agencies: Fonds d'aide et de Coopération (FAC); Office de la Recherche Scientifique 
et Technique d'Outre-Mer (ORSTOM); Centre Technique Forestier Tropical 
(CTFT). 
Objectives: To assist developing countries to manage and develop their tropical forest 
resources. 
Types of assistance: Financing national projects; technical assistance; volunteers; sub-
contracting project activities; higher and intermediate forestry education; bilateral 
aid projects; provision of experts. 
Japan 
Agency: Japanese International Cooperation Agency (JICA). 
Objectives: To assist forestry activities in developing countries in order to contribute 
to their economic development and social welfare. 
Types of assistance: Technical assistance; subsidized cooperation programme; 
volunteers; bilateral aid projects; provision of experts. 
Netherlands 
Agency: Directorate of International Technical Assistance (Min. of Foreign Affairs) 
(ITC, Delft). 
Objectives: High emphasis placed on the aspects of forestry for rural energy and the 
function of forest tree crops in providing for the needs of rural people. 
Types of assistance: Bilateral aid projects; trust funds; training facilities; associate ex-
perts; experts for FAO; research on tropical forests. 
New Zealand 
Agencies: Ministry of Foreign Affairs (External Aid Division); Development Pro-
gramme Forest Research Institute (FRI); New Zealand Forestry Training Centre. 
Objectives: New Zealand emphasizes public education with regard to conservation of 
natural resources and to promote the integrated multi-purpose use of the resource. 
Types of assistance: Regional aid projects; bilateral aid projects; technical assistance; 
volunteers; experts for FAO. 
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Norway 
Agency: Norwegian Agency for International Development (NORAD). 
Objectives: Norway gives priority to national based rather than regional aid, em-
phasizing assistance to the present groups of populations in the least developed 
forest countries. 
TVpes of assistance: Bilateral aid programmes (forestry, rural development); participa-
tion in the multilateral NORDIC programme; associate experts; experts. 
Sweden 
Agency: Swedish International Development Agency (SIDA). 
Objectives: Programme approach oriented towards education, training, institution 
strengthening and local community forestry placing emphasis on the follow-up to 
the objectives of WCARRD. 
Types of assistance: Multilateral aid projects; bilateral aid projects; trust funds; 
associate experts; experts. 
Switzerland 
Agency: Switzerland Cooperative Programme (Links with CATIE and ICRAF). 
Objectives: Practical aid directed towards the least privileged and poorest rural 
populations with emphasis on the cost-effectiveness of the assistance given. 
Types of assistance: Bilateral aid projects; FAO/UN volunteers; associate experts; 
experts. 
United Kingdom 
Agencies: Commonwealth Forestry Institute (CFI); Commonwealth Science Council 
(CSC); Tropical Products Institute (TPI); Overseas Development Administration 
(ODA). 
Objectives: Assistance directed towards promoting the most efficient sustained 
management and use of tropical forests through technical assistance and research. 
Types of assistance: Research; information; education and training; bilateral projects; 
direct technical assistance; participation in Colombo Plan; provision of experts. 
USA 
Agencies: National Science Foundation (NSF); US Department of Agriculture 
(USDA) Institutes of Tropical Forestry: Puerto Rico, Hawaii (Pacific Islands); Na-
tional Academy of Science (NAS); National Science Foundation (NSF); Peace 
Corps; US Industry - pioneer work on plantations in the tropics; Agency for Inter-
national Development (USAID); North Carolina University CAMCORE; Private 
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institutions (working on alternatives to shifting cultivation); USDA Forest Service. 
Objectives: The US considers that it has a vital stake in the sound management of its 
own small tropical forest resources and that its national governmental and non-
governmental efforts harmonized and combined with those of other nations, can 
assist in decelerating the present rapid disappearance and destruction of tropical 
forest cover through emphasizing, demonstrating and making use of the short-term 
and long-term social benefits obtainable from tropical forests. 
Types of assistance: Bilateral aid projects (USAID); trust funds; education and train-
ing; direct technical assistance through Peace Corps and USAID; provision of ex-
perts for FAO Field Programme. 
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Discussion and final document 
Discussion 
At the end of each lecture, if time allowed a general discussion was held. These 
discussions were noted by rapporteurs. Based on their accounts, a recommendations 
commission prepared a draft for conclusions and recommendations, which was 
discussed at the final session of the Symposium. The outcome of this discussion has 
been laid down in the following Final Document. Various parts of this document are 
addressed to national and international policy makers, non-governmental organiza-
tions and project planners. 
Besides the general aspects recorded in the Final Document, more specific matters 
were raised during the discussions. Much attention was given to the fact that many 
forestation projects must interface between forestry, agriculture and socio-economic 
conditions. For instance in Niger, an area of 3000 ha of millet has been protected by 
windbreaks since 1973. As a result of these tree plantings in 1980, a 20% increase in 
millet production was obtained. Then in South America, the tree species Cordia 
alliodora (laurel) is cultivated on over 1 million hectares of agricultural land, making 
it the third largest plantation tree in that continent. However, these farm plantations 
are not included in any official forest statistics. Also it was suggested that in some cases 
(e.g. in densely populated areas of the humid tropics), it might be more feasible to use 
the money for reforestation within the scope of rural development projects for the 
specific purpose of creating jobs outside the forestry sector, and to leave the required 
regeneration of the forest to nature. 
Questions were raised about how far the models of professional education directed 
towards specialization in specific disciplines is relevant for preparing people for par-
ticipation in programmes of integrated land-use and whether structures and working 
methods of national and international institutions are effectively geared towards such 
programmes. 
In working with the local population, one should avoid viewing villages as being 
homogeneous entities. Several examples were given of different socio-economic 
classes within a village reacting different to forestation efforts. The need for proper 
socio-economic analysis at a local level was emphasized as a prerequisite for a suc-
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cessful village forest policy. In developing such strategies, use can be made of local 
wisdom incorporated in traditional practices, but we should not take it for granted that 
everything traditional is good. As most traditional forestation systems have a multi-
functional character, attention should be given to the possible trade-offs between dif-
ferent functions in developing them for adaptation to modern conditions. 
Both in social forestry and industrial forestry projects, the (group of) persons or 
organizations involved must be assured that they have secure rights to the benefits of 
the forestation activities. The arrangements of the forest resource ownership and long-
term harvesting rights have a profound effect upon the behaviour of industrial firms 
and local people alike towards forestation. Questions were raised whether the manag-
ing and exploitation agencies of natural forests and plantations always have to be com-
bined, or whether different organizations should handle forests with different func-
tions. 
In finding reasons for failures of forestation projects, several examples were given 
of errors in project design, which could have been prevented by better data collection 
about the existing situation. For example, failures in the Sahel resulted from too great 
emphasis on establishment of concentrated plantations instead of more diversified 
plantings. For another project it was indicated, that they were based on estimated 
yields of 10-12 m3 ha~* a"1, whereas in local trial plots a mean annual increment of 
only 4 m 3 h a " 1 a " 1 was obtained. Such errors result in much lower economic returns 
from the plantations than originally predicted. 
The need for integrated diagnostic methods to judge the efficiency and effectiveness 
of strategies and designs was generally underscored. Preferably the methods should 
not be too complex nor involve too much time nor costs. In the ICRAF D&D ap-
proach, special attention is given to finalizing the procedure in a period of about two 
weeks, because otherwise it is usually too expensive and difficult to obtain and main-
tain the required interdisciplinary team. Concern was expressed that the present 
techniques might be too specialized, as they require a team of experts, and that they 
do not pay attention to the transfer of the outcome to local farmers. More attention 
should be paid to developing procedures, that can be carried out by less trained field 
workers. The ICRAF diagnostic and design method and the land evaluation procedure 
are being field-tested at present, whereas the integrated simulation model presented 
by Paneel & Wiebecke is still at an experimental stage. A lack of maps and other data 
bases is often a constraint to certain diagnostic methods, such as land evaluation. In 
such cases, it is often possible to utilize aerial photographs. 
Use of incentives for forestation was recently criticized at a meeting in South 
America on several counts: (1) they ignore agroforestry combinations on farmer's 
land; (2) they mostly benefit large companies or large land owners, not the small 
farmer; (3) they often lag behind inflation or devaluation of money; (4) they lack clear 
distinction between trees producing wood and trees producing non-wood products; (5) 
they ignore effects in tending natural regeneration as a means to build up the produc-
tivity of secondary forests; (6) they require cumbersome administration. 
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Several questions were also raised about the data on plantation areas quoted in 
various papers. These data can be summarized as follows (million hectares): 
Total area of plantations 
Area of industrial plantations 
Area planted annually 
Global situation 
(1975) 
99 
40-60 
9.2 
Tropical countries 
(1980) 
11.3 
7.0 
1.1 
These figures must be regarded as estimates only. The figures about tropical coun-
tries are most reliable. They are based on the FAO Tropical Forest Resources Assess-
ment Project, which covered 33 African countries, 20 American countries, 14 Asian 
countries and 1 country in Oceania. Several smaller nations and tropical islands as well 
as China were not included in this study, and consequently the estimate must be 
regarded as conservative. / 
The data on the global situation are less reliable, as no detailed study has been made 
about the exact area of plantations outside the tropics. The present data are based on 
estimates, which do not clearly differentiate afforestation, reforestation and regenera-
tion. Consequently it is not clear what proportion of these figures refer to an increase 
in forest area, conversion of natural forest to plantations, and to regeneration of ex-
isting plantations. No data are available about the contribution of tree planting on 
agricultural lands outside forest in tropical regions or world-wide. 
The figures on forestation areas may be contrasted with figures on the areas prone 
to deforestation. For tropical countries, this area is estimated at 11.1 million hectares 
per year. No data are available on the extent of deforestation in the rest of the world. 
A quick comparison of the present estimates of deforestation and forestation areas 
might suggest a global balance between these processes. However, the imprecise and 
incomplete nature of the present data do not warrant such a conclusion. As long as 
no better figures are available about the extent of deforestation outside the tropics and 
the nature of forestation in these regions, no definite conclusions can be drawn about 
the global balance between deforestation and forestation. Furthermore, such a com-
parison has limited value, as long as large regional discrepancies remain. 
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Final document 
The International Symposium on strategies and designs for afforestation, reforesta-
tion and tree planting 'Let there be forest', held at Wageningen, the Netherlands from 
September 19-23, 1983. 
1. Considering 
1.1. The present problems in regard to 
- the unprecedented rate of deforestation and forest degradation in large parts of the 
world; 
- the consequent increasing amount of human suffering due to environmental and 
economic problems; 
- the increasing demand for multi-purpose forest products and services for both in-
dustrial and domestic uses, with particular emphasis on energy wood. 
1.2 - That forests are an indispensable component of the biosphere. 
- That forestry is an integral part of sustainable rural development linked to popula-
tion growth. 
- That the role plantations can play in restoring understocked, degraded or con-
verted forest lands and in alleviating the pressure on essential natural forest reserves. 
1.3. The need to vastly increase national efforts and financing to address the above-
mentioned aspects, including the need to mobilize all local populations concerned, at 
grass-roots level, to contribute to its solution, with the aid of governmental as well as 
non-governmental organizations and assistance from more technically advanced 
neighbouring countries. 
1.4. The changing roles of forestry institutions and of the forester's profession and 
attitude in this context and the recent positive developments in designing new policies 
and techniques to combat deforestation and promote forestation*. 
2. Recommends that: 
2.1 A world-wide, bold programme be undertaken immediately, taking into account 
the initiatives already undertaken by FAO and other organizations in the field of forest 
management, addressing the basic causes of deforestation and forest degradation, 
aiming at the maintenance and improvement of existing forest resources, including 
natural forest preservation, by the creation of new and adapted agricultural, 
agroforestry and forest management systems, as well as the appropriate expansion of 
the forest and tree cover through a commensurate forestation* effort. 
* Forestation equals afforestation, reforestation and tree planting outside the forest. 
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2.2 The rate of planting be increased five-fold, at the global level, which may be 
realized in two steps because of the time needed to develop rural infrastructure (e.g. 
roads, nurseries) and to enhance human competence at all levels (research, education, 
particularly vocational training, and extension): a tripling of the annual plantation 
area in the next five years and its fivefold increase in the following five years. 
2.3 A corresponding increase should take place with regard to tree planting outside 
the forest. 
2.4. Wherever possible in international forums, the forest preservation and foresta-
tion issue should be brought to the attention of national governments and world 
leaders. 
2.5. Each country should make all possible efforts towards assisting the realization 
of the global forestation goal and prepare plans to integrate forestation policies with 
overall land-use planning and policy formation. 
2.6. The international donor community, which according to estimates given at the 
Symposium is supporting forestry with some US$ 200 million a year, of which 75% 
is for forestation, should stimulate public and governmental awareness of the need to 
increase political and financial support for forestation and be urged in increase its 
financial support for forestation in technically less advanced countries. 
2.7. International support can be concentrated on action addressing the following 
key problems: 
2.7.1. Raising awareness of people to accept the forest as a beneficial environment 
and to take responsibility for their natural environment. 
2.7.2. Mobilisation of inputs at the grass-roots level towards decision-making by 
raising human capabilities of both women and men and opening up educational 
possibilities. 
2.7.3. Rehabilitation of degraded lands, including desertified areas, degenerated 
watersheds and polluted sites. 
2.7.4. Development and implementation of integrated land management systems, in-
cluding tree plantations, natural silviculture and nature conservation areas with ap-
propriate buffer zones to ensure that forest losses do not quantitatively or qualitatively 
exceed the results of forestation efforts. 
2.7.5. Establishment of multi-purpose plantations to cover the basic needs for fuel 
and other products of both rural and urban populations. 
2.7.6. Establishment of industrial plantations of fast-growing species not only to 
produce pulpwood, but also medium-to-high value timber. In these plantations not 
only exotic trees species should be utilized, but also genetically improved stocks of in-
digenous species to help reduce stress on the remaining natural forest. It should be 
realized, however, that such plantations cannot adequately substitute natural forests 
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in their values as a natural environment and its function as a genetic resource. 
2.7.7. Development of information and experience exchange between foresters 
especially in developing countries, where the creation of international forest associa-
tions must be encouraged and financially assisted. 
3.1. The Symposium also noted that 
- Non-governmental organizations and private institutions can play an important 
role in stimulating forestation and sustainable forest development. 
- At the moment a satisfactory inventory of the activities of such organizations is 
not readily available. 
3.2. Therefore the Symposium welcomed the initiative of the N.G.O.'s present, who 
appeared willing as a natural outcome of the Symposium, to undertake a first descrip-
tive cataloguing of the N.G.O.'s activities as an appropriate and first contribution for 
better exchange of information. 
4. The Symposium further acknowledged, that 
4.1. For energetic implementation of forestation, programmes should be based on 
appropriate strategies, as well as appropriate sets of designs and operational plans, 
concentrating on actual problem areas, but not neglecting those areas likely to need 
attention in the foreseeable future. 
4.2. For developing strategies attention should be focussed on the following key fac-
tors in addition to the ones already mentioned under 2.7.: 
4.2.1. Definition of the actual and new roles of forestry institutions and the forester's 
profession at the national and local level, taking into account the need for an ap-
proach, which is interdisciplinary and more responsive to the needs as they are perceiv-
ed by local people. 
4.2.2. Reliable diagnostic tools and monitoring devices, simple to the extent of the 
possible, allowing proper land evaluation and including optional tools of simulation 
models and sensitivity analysis for industrial plantations, which pay due attention to 
ecosystems as well as to social, technical and economic factors. 
4.2.3. Optimized qualitative and quantitative harmonization between production 
system, use of labour and technology, set of products and end-uses, including the 
financial aspects. 
4.2.4 Integration of national forestation policies into an international context with 
a view to optimize cooperation amongst countries. 
4.3. High-quality designs for forestation systems should be conceived and developed 
as an indispensable bridge between desk strategies and operational plans; such designs 
should have the following characteristics: 
4.3.1. They should be tools or 'greenprints' which can be adapted to the particular 
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socio-economic and physical conditions of the regions in which they are to be applied, 
whether they are rich or poor in natural resources. 
4.3.2. They should be durable and flexible leading to broad optimization of soil, 
water and genetic resources conservation, combined with sustained yield, taking into 
due consideration at least the basic human needs for food, water and wood. 
4.3.3. They should form a solid application of knowledge and experience, including 
that of local populations, avoiding over-optimistic yield estimates. 
4.3.4. They should be provided with a well-balanced set of incentives for local 
populations, individuals or corporations. 
4.3.5. They should mitigate the conflict between forest rotations and desired 
harvesting at short intervals, the latter being most important in low-resource, high-
population rural areas. 
4.3.6. They should include pest management considerations, i.e. the use of genetic 
diverse plant material and monitoring for pests and diseases. 
4.4. Operational plans should be developed, taking into account social and technical 
factors, and more specifically: 
4.4.1. The balance between available and needed forest labour. / 
4.4.2. The vocational training, safety and health of forest workers. 
4.4.3. The need for development of infrastructural facilities in forest areas, taking 
into due consideration environmental requirements. 
4.4.4. The need for development of ecologically, economically and socially sound 
systems for forestation, tending and harvesting. 
4.4.5. The need for proper technology, including the need for all practices to be com-
patible, wherever possible, with local cultural customs and traditions. 
4.4.6. The need for timely delivery of finances both for the forest establishment and 
for forest maintenance. 
419 
List of poster contributions 
During the Symposium, many data on possible strategies and designs for forestation 
and its implementation were provided by poster contributions. These posters offered 
an excellent opportunity for intensive and beneficial informal discussions between in-
dividual participants. The following list of posters presented indicates the wide range 
of interest. Further information on the content of these contributions can be obtained 
directly from the authors, whose addresses are given in the list of participants. 
Apandi Mangundikoro: Policy and programme for forest resource development in 
Indonesia. 
J.H.A. Boerboom & S. Thijsen: The North African oasis. 
J.T.M. van Broekhuizen: Continuous growth increment in old poplars, a case study. 
E.F. Briinig & N. Sander: Stand physiognomy, structure and stress resistance. 
F. di Castri & M. Hadley: Presenting scientific information on tropical forests and 
woodland ecosystems for teachers, planners and other non-specialists. 
A. Compaore & P. Laban: Procedure d'évaluation des terres pour l'aménagement des 
forêts naturelles. 
F.J. Conway: Agroforestry in Haiti, new directions. 
I.E.M. Dankelman et al.: Conservation of tropical forest by international action. 
Dorschkamp (Netherlands): Activities of research institute for forestry and landscape 
planning 'De Dorschkamp'. 
A. Druijff & P. Snethlage: Forestry, desertification, soil conservation and wood 
production. 
Dutch Timber Association, Hardwood Section (Netherlands): The forest is our living, 
so let there be forest. 
C.A. Elbourn: Commonwealth forestry bureau. 
J. Garcia Salmeron: Afforestation in Spain. 
A. van Gelder & P. Kerkhof: Small-scale nursery in the tropics. 
W.A. Geyer, G.G. Naughton & K.L. Lynch: Climatological variations in energy forest 
yields in the great plains of the United States. 
G.L. Gibson: Activities of the Commonwealth Forestry Institute. 
N.R. de Graaf & M.F. Gelens: Let's keep the forest. 
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W. Groeneveldt: Prevent further deforestation of the Amazon. 
P. Grijpma: Use of feromones for monitoring and control of harmful forestry insects. 
K. Hameed Ullah & R.W. Khan: Reforestation and afforestation practices in Pakistan. 
M. el-Hachmi Hamza: Le reboisement et la recherche forestière en Tunisie. 
D.A. Harcharik: USAID's forestry program and initiatives. 
Hayimirsadeghi, H.S. Hosseini & M.R. Neyati: Tree plantation for a better tomorrow. 
O.T. Helgerson: Foresty intensified research - an effective solution to reforestation 
problems in southwest Oregon. 
P. Herweyer & A.J. Tjeenk Willink: Global Forest Fund. 
W. Heij: System analysis in afforestation. 
J.W. Hildebrand: Kalimantan forest development. 
D.H. Hoekman: Radar backscattering by forest parcels. 
P. van der Hout: Wider spacing of teak taungya. 
V. Jintana: Reforestation in Thailand. 
R. Kastl: Haraz pilot project for erosion control and afforestation, Yemen A.R. 
Kenya Soil Survey/Netherlands Soil Survey Institute: Land evaluation for forestry, 
Kapenguri area, Kenya. 
Q.G. Kibria: A new dimension of silviculture in Bangla Desh. 
R. van Konijnenburg: Monitoring of tropical forests by satellites. 
J.M. Kramer: NGO's vital role in community forestry. 
J. Kuyper & W. Mellink: Fuelwood demand, supply and consumption for rural 
household in Central Java. 
D.O. Lapido: Triplochiton scleroxylon K. Schum., a West African hardwood for plan-
tation forestry. 
M. Leikola, A. Kotisaari & H. Smolander: Integrated forest regeneration strategies in-
stead of schematic procedures. 
E.M. van 't Leven: BOS Foundation for Dutch Forestry Development Cooperation. 
O. Luukkanen: Nursery experiments in South Sumatra, Indonesia. 
H.S. McNabb, J.V. Elwood & R. Hart: Development of diagnostic dichotomous keys 
for forest tree problems caused by pathogens, insects and other animal pests. 
H. Müller-Steel & N. Sander: Physio-ecological research for plantations management 
strategies. 
G. G. Naughton & W.A. Geyer: New energy forest plantings. 
H.P. Nooteboom: Flora Malesiana. 
O.D. Nwokeabia: Importance of planning in plantation forestry in Nigeria. 
R.A.A. Oldeman: On rural silvicultural systems. 
J. Parviainen: A calculation model for the comparison of artificial forest regeneration 
chains. 
E. Pelinck & R. van Ginkel: Community forestry development project Nepal. 
H. Petterson & A.C. Podzorski: Palawan, a gene conservation & agroforestry project 
proposal. 
P. v.d. Poel & G. Valkeman: Vegetation for stabilisation of gullies. 
Project Bois de Villages (Ministère de l'environnement et du tourisme, Upper Volta): 
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Les actions et la sensibilisation dans le projet bois de villages et reconstitution de 
la végétation, et formations dans le dévellopement des plantations villageoises. 
PUDOC (Netherlands): Demonstration of on-line literature research. 
S.N. Rai: Afforestation of grassy blanks in humid tropics. 
J.B. Raintree: The International Council for Research in Agroforestry (ICRAF) pro-
gramme of work. 
J. Richardson: A cooperative approach to plantation establishment research. 
J.M.R. dos Santos Bento, R. Brouwer & G.B.C.M. Mes: Assessing regional priorities 
in afforestation, an application of multicriteria methods. 
C. Saurez, A. Santana & E. Perez-Chacon: La forêt subtropicalle de laurisilvae. 
T.O. Schröder: Shifting cultivation as a silvicultural system: programa de apoyo a com-
unidados nativas Peru. 
B. Sirhindi: On the path of shadows: Agro-forestry in Sind province. 
W. Smits: Dipterocarp mycorrhiza. 
O. Soemarwoto & I. Soemarwoto: A new approach in reforestation and erosion con-
trol in Indonesia. 
A. Sumitro: Conservation of tropical rainforests and forest tree plantations. 
E. Torquebiau: Reforestation with Dipterocarps: a case-study. 
C. Veer & R. Vonk: Kathama agroforestry project. 
M.C. Visser & P. de Bruin: Winstrips for reafforestation: double harvest. 
A.P. Vooren & D.M.J. Offermans: Photographie aérienne par U.L.M. 
J.H. Wiersma: Photoperiod and provenance. 
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Apandi Mangundikoro - Ministry of Forestry, Jalan Gatot Subroto, Jakarta, In-
donesia. 
Ariffien Bratawinata, A. - Institut für Waldbau der Tropen und Subtropen, 
Büsgenweg 1, 3400 Göttingen, BRD. 
Arnold, J.E.M. - Policy and Planning Service, Forestry Department, FAO, Via delle 
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6700 AH Wageningen, the Netherlands. 
Boerboom, J.H.A. - Department of Silviculture, Agricultural University, P.O. Box 
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Bol, M.M.G.R. - Department of Forest Technique and Forest Products, Agricultural 
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University, P.O. Box 342, 6700 AH Wageningen, the Netherlands. 
Bos, J. van den - Netherlands State Forest Service, P.O. Box 20020, 3502 LA Utrecht, 
the Netherlands. 
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the Netherlands. 
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Broekhuizen, J.T.M, van - Department of Silviculture, Agricultural University, P.O. 
Box 342, 6700 AH Wageningen, the Netherlands. 
Brouwer, R. - Department of Forest Management, Agricultural University, P.O. Box 
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Brünig, E.F. - Institute for World Forestry, Federal Research Center for Forestry and 
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Burns, D. - International Institute for Environment and Development, 10 Percy 
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